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FOREWORD 

Tilts  is  one  of  the  many  projects  managed  and  cost  shared  by  Todd  Ship¬ 
yards  Corporation  as  part  of  the  National  Shipbuilding  Research  Program.  The 
Program  is  a  cooperative  effort  between  the  Maritime  Administration's  Office  of 
Advanced  Ship  Development  and  the  U.S.  shipbuilding  industry.  The  objective, 
described  by  the  Ship  Production  Committee  of  the  Society  of  Naval  Architects 
and  Marine  Engineers,  emphasizes  productivity. 

The  research  effort  was  assigned  by  subcontract  to  John  J.  McMullen  As¬ 
sociates.  Inc.  after  evaluation  of  several  proposals.  Mr.  Arthur  L.  Lewis  was  the 
Project  Manager.  He  was  assisted  by  Mr.  J.  C.  Nilsen. 

In  behalf  of  Todd  Shipyards  Corporation.  Seattle  Div.  R.  F.  Heady  was  the 
RAD  Project  Manager  who  provided  technical  direction.  J.  F.  Curtis  coordinated 
the  Anal  editing  effort,  and  L.  D.  Chiriilo  was  the  RAD  Program  Manager  having 
overall  cognizance. 
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EXECUTIVE  SUMMARY 


When  confronted  with  space  limitations  heat,  ventilation  and  air  conditioning 
(H  V  AC)  designers  must  consider  rectangular  duct.  Since  size  or  comt>onent  stan¬ 
dards  did  not  exist  before  now.  such  installations  were  mostly  customized. 

The  standardization  scheme  contained  herein  establishes,  in  2-inch  increments. 
106  different  rectangular  cross-sections  which  cover  a  useful  range  or  applications. 
Further  a  reasonable,  but  reduced,  number  of  fitting  types  are  incorporated.  These 
features  were  exploited  to  minimize  the  number  of  material  items  required  and  to 
simplify  construction  details. 

Significant  savings  through  use  of  these  standards  are  predicted  herein.  But  they 
impact  on  afi  shipbuilding  disciplines  in  different  degrees.  Therefore  any  one 
functionary,  e.g.,  a  supervisory  HVAC  designer  or  a  shop  foreman,  cannot  be 
expected  to  assess  the  net  impact  of  the  standards  on  an  entire  shipyard.  Whether  a 
shipyard  wifi  benefit  depends  upon  someone  with  an  overview  of  all  management 
functions  requiring  subordinates,  representing  direct  and  indirect  cost  areas,  to  make 
objective  comments  that  can  be  assessed  collectively. 

Further,  these  standards  are  a  first  necessary  step  to  apply  computers  for  the 
detail  design  and  fabrication  of  rectangular  duct  arrangements  as  is  now  being  done 
for  piping  systems. 

Every  shipbuilder  should  read  at  least  the  first  6  pages.  The  remainder  is  detailed 
and  contains  comprehensive  cost  comparisons.  It  shoukl  be  analyzed  by  experts  in 
estimating,  planning  (including  design  and  material  procurement),  production  and 
performance  measurement. 
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1.0  INTRODUCTION 


t.l  General 

One  reason  for  using  standards  is  to  better  define  ships'  components  so  that  risks 
amt  costs  are  minimized  for  shipbuilders  and  Ihcir  material  suppRera  as  well  as 
for  owners  ami  underwriters.  Standards  achieve  this  by  eHmiaalin*  generalities 
and  thus  provide  a  basis  for  common  understanding.  But.  heretofore  none  have 
been  developed  for  rectangular  vent  duct.  Thus  the  otyeetives  of  this  project 
were  to: 

•  develop  standard  sizes  and  components  for  rectangular  vent  duct,  and  to 

•  identify  potential  cost  savings  from  such  standardization. 

The  results  include,  in  addition  to  this  report,  a  designer's  pamphlets  matching 
construction  drawings,  ami  a  computer  prepared  tabulation  of  dimensions  and 
quantities  of  required  materials.  Thus  everything  necessary  for  designers,  plan¬ 
ners,  buyers,  and  craftsmen  to  support  and  utilize  the  standards  has  been 
developed. 

•  *  / 

The  purpose  of  this  report  is  to  notify  shipbuilders  of  the  available  standards  for 
rectangular  vent  duct  and  to  present  pertinent  discussions  mid  cost  analyses 
winch  will  facilitate  implementation.1 


1.2  Approach 

In  order  to  produce  the  standards,  the  researcher. 

•  reviewed  several  shipsets  of  different  ventilation  systems  drawings. 

•  searched  and  reviewed  the  literature. 

•  solicited  and  analyzed  information  from  many  vendors. 

•  explored  the  duct  components  used  in  both  U.S.  and  foreign  shoreside  indus¬ 
tries  for  possible  adaptation  in  ships, 

•  inspected  several  U.S.  and  foreign  ships  to  determine  current  practices. 

•  reviewed  regulatory  constraints  and  MarAd  and  Navy  specifications. 

•  discussed  the  standardization  scheme  with  people  in  the  U.S.  Coast  Guard 
(MMT)  and  with  the  Public  Health  Service  in  Washington.  D.C..  and 

•  acquired  an  understanding  of  current  practice  in  direct  meetings  with  design 
and  production  people  in  seven  mnior  U.S.  shipbuilding  yards. 

1.3  FindittHs 

Overall  emits  for  rectangular  vent  duct  installations  in  ships  could  be  reduced 
significantly  through  the  use  of  standards.  For  example  a  209f  savings  is  esti¬ 
mated  for  such  installations  in  a  75.000  DWT  Panamax  tanker.  The  savings  arc 
manifest  in  all  of  the  required  shipbuilding  disciplines  and  mostly  result  from 
elimkiatiag  virtually  all  custom  components  and  thus  allowing  a  reduced  number 
of  line  Hems*  both  for  purchased  and  in-process  materials. 


’unique  Items  which  must  he  separately  identified  In  drawing  material  IKts.  purchase  requKitkms. 
purchase  orders,  warehousing,  and  in  work  order*. 


*A  specification  to  invoice  these  standards  b  In  Appendix  M. 
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2.0  DESCRIPTION  OF  THE  STANDARDS 


2. 1  General 

The  components  for  which  standards  were  developed  are  illustrated  in  Figure 
2*1.  Specifics  of  the  standardization  scheme  are  described  in  the  Designer’s 
Pamphlet  which  is  reproduced  in  Ht  entirety  in  Appendix  A.  TNs  pamphlet  is  a 
catalog  of  standard  components  that  is  intended  for  H  V  AC*  designers.  Although 
complete  sets  of  matching  construction  thawings  and  computer  prepared  tabula¬ 
tions  of  dimensions  and  quantities  of  required  materials  am  available.2  only 
typical  pages  are  incorporated  in  Appendices  0  and  C  respectively.  Regarding 
the  construction  drawings,  each  is  complete  to  facilitate  fabrication.  They  even 
include  developed  views  for  the  layout  of  patterns. 

As  required  by  the  research  specification  the  standards: 

•  provide  for  normal  velocities  up  to  4000  feet  per  minute,  and 

•  cover  a  full  range  of  duct  sizes. 

•  Also,  the  researcher  was  able  to  incorporate  some  simplified  construction 
details  as  compared  to  current  practice.  But.  for  certain  dements  such  as 
basic  materials  and  fire  dampers  no  improvements  were  found. 


'Heating.  Ventilation  and  Air  conditioning. 

Ho  U.S.  shipbuilders  Pont  RAD  Program  Manager.  Todd  Shipyards  Corporation.  Seattle  Division. 
P.O.  Box  3806.  Seattle.  WA  98124;  otherwise  whet*  cataloged.  Trent  the  National  Technical  Informa¬ 
tion  Service.  S285  Port  Royal  Rood.  SpringRefd.  VA  22161. 


2.2  Summary  of  Elements  Standardized 


Element  Standardization 

sizes  .  depth  and  width  by  two-inch  increments  resulting 

in  106  different  cross  sections  from  2*  x  4*  through 
24"  x  24*  to  18*  x  54*:  radius  corners  in  only  three 
radii  for  most  strength  penetrations. 

materials . steel  in  five  thicknesses:  20.  16  and  1 1  gauge  and 

5/16  and  1/4  inch. 

duct  reinforcement .  applicability  and  spacing 

elbows . . . .  four  types:  full  throat,  half  and  quarter  throat  with 

and  without  splitters,  and  varied  turn 

offsets .  two  types:  full  and  half-throat  radii 

transformations . three  symmetrical  and  three  fiat-sided: 

rectangular-to-rectangular.  rcctangular-lo- radius 
corner,  and  rcctanguhir-to-round 

branch  take-offs  .  ten  types:  variations  of  rectangular  and  round. 

normal  and  flared,  90*  and  45*.  from  straight  and 
transforming  mains 

terminals .  cone  and  bellmouth:  radius  selection  for  the 

bellmouth  reduced  to  seven  dimensions 

transverse  connections . seven  flanged  types  and  five  non-flanged;  bolt 

hole  spacing  standardized:  structural  ‘pop’  rivets 
on  2-iitch  centers  with  no  sealant  required 

access  covers .  dimensions  and  details 

wire  mesh  screening . dimensions  and  details 

tensile  fasteners .  22  fine  items 
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3.0  IMPACT  OF  THE  STANDARDS 


3.1  In  Overall  Management 

The  research  specification  required  that  ail  comment  be  in  the  context  of  conven¬ 
tional  shipbuilding  functions.  Thus  the  researcher’s  understanding  of  these 
functions  and  how  they  Interact  are  pertinent  and  are  included  in  Appendix  D.» 
But  assessing  the  fuN  impact  requires  appreciation  of  the  entire  management 
cycle,  see  Figure  3- 1 .  because  every  management  function  benefits  from  the  use 
of  standards. 

No  matter  to  what  degree  the  functions  and  information  Rows  illustrated  In 
Figure  3- 1  arc  formnhzed.or  even  if  they  are  not  at  all  formalized,  they  must  exist 
everywhere  ships  are  built  for  profit*  Decisions  made  in  forecasting,  planning, 
scheduling  and  production  are  controlled  by  information  both  from  previous 
steps  and  from  feedback  obtained  from  subsequent  steps.  Standards  provide  the 
necessary  common  understanding  which  is  just  as  critical  between  shipyard 
functionaries  as  if  is  between  shipbuilders  and  owners.  Thus,  the  rectangular 
vent  duct  standards  wlU  benefit  estimators,  schedulers  and  accountants  by 
providing  simplified  quality  information  that  facilitates  prediction,  implementa¬ 
tion  and  evaluation.  But.  there  is  much  greater  potential  benefit  in  planning  and 
production. 

3.2  In  Planning 

As  used  herein  planning  includes  design  of  ventilation  system  arrangements, 
material  piocurement  and  resource  allocations  because  they  are  interdependent. 

3.2.1  Design 

Standards  will  lead  .designers  away  from  unproductive  fine-tuning  of 
H  V  AC  systems  ami  reduce  the  number  of  time  consuming  design  itera¬ 
tions.  The  fact  is  that  many  H  VAC  systems  are  bum  to  design  constraints 
which  far  exceed  the  accuracy  of  foe  bash:  flow  factors*  There  are  surpris¬ 
ingly  wide  gaps  1st  foe  experimentally  verified  data  on  system  tosses.*  For 
example,  almost  no  test  data  exists  for  return-side  takeoff  losses.  Also* 
popular  mles-of'thumb  introduce  considerable  inaccuracy  in  bringing  loss 
factors  from  test  point*  to  design  conditions.3  Two4nch  increments  and 


the  elimination  of  complicated  components  will  force  a  reduction  in  the 
costly,  spurious  accuracy  common  in  current  designs.  Allowances  for 
such  accuracy  in  a  custom  designed  system  and  tire  need  to  select  “the 
next  largest'*  from  a  formed  number  of  available  fan  sizes  often  combine  to 
produce  excessive  air  How.  When  the  flow  is  necessarily  reduced  with  a 
damper,  frequently  foe  system  becomes  no  more  efficient  than  it  would  be 
if  arranged  with  standard  components  that  facilitate  productivity. 


Figitr*  J-/  Managtmrnl  Cyrtc 


•The  application  of  this  understanding  to  a  typical  ventilation  system  b  also  Included, 
nrtds  b  discussed  in  Apptmfix  E  which  Identifies  areas  for  fotttre  study. 

•By  strict  applicatibn  of  the  common  rule-oMhuinh,  a  It*  miter  would  haws  five  times  the  loss  of  a  HP 
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The  responii bilily  for  much  of  ventilation  systems*  construction  eosts 
rests  with  H  V AC  designers.  Sometimes  ■  situation  occurs  where  an  extra 
hour  or  two  over  the  budget  allocated  tar  designing  certain  features,  can 
save  a  week’s  work  fat  production.  But  the  Immediate  design  supervision  Is 
rarely  in  a  position  to  authorize  extra  time.  Thus  frequently  the  opportun¬ 
ity  for  cost  reduction  is  nlMM  away.  This  problem  is  greater  when 
the  design  is  developed  away  from  die  shipyard.  Close  Kelson  is  required 
between  designers  and  frfaricaton  tor  Meal  cos!  returns.  The  designer’s 
pamphlet  and  the  matching  construction  drawings  produced  by  the  re¬ 
searcher  reflect  such  Maisoo  and  can  hove  conttmiing  impact  on  construc¬ 
tion  costs.  They  already  incorporate  economic  features  suggested  by  shop 
people  and  they  can  serve  as  a  common  hosts  for  communication  to  add 
even  more  productive  features. 

Furthers  preparation  of  the  rectangular  vent  duct  standards  Is  a  significant 
completed  effort  that  is  prerequisite  for  inputting  the  configurations  and 
dimensions  of  each  component  into  a  computer.  Thus  ills  now  practical  to 

regard  a  rectangular  vent  dtmt  system  asjnst  another  “piping”  system  and 

to  .  .provide  pictorial  output  Prom  computers  through  devices  such  as 
cathode  ray  tubes  and  nwnericady  controlled  plotters.  Such  systems  have 
a  high  potential  for  bringing  about  significant  reductions  in  the  cost  of  plan 
production  which  represents  about  2/J  of  the  total  cost  of  a  post  contract 
design  effort."1  For  achieving  full  benefit,  cotukteraiioo  must  be  given  to 
the  recommendations  contained  in  Appendix  E  for  developing  applicufcfc 
computer  programs. 

3.2.2  Material  Procurement 

The  standards  feature  minimization  of  the  number  of  separate  material  line 
items  required.  Forexarople,  sheet  steel  is  limited  to  only  five  thicknesses. 
This  reduction  in  the  number  of  different  material  items  can  save  an 
estimated  15  to  20  percent  in  costs  associated  with  purchasing,  storage, 
retrieval  and  in-process  control.  Additional  savings  may  come  from  the 
increase  in  size  of  bulk  orders. 

And.  for  some  yards  the  standards  permit  a  wider  range  of  make-or-buy 
alternatives.  They  increase  the  probability  that  prefabricated  components, 
and  even  subassemblies,  will  be  bought  from  a  subcontractor  because  the 
standards  contribute  significantly  to  assurances  for  correct  dimensions  and 
quality  regardless  of  the  point  of  manufacture. 


•from  a  preliminary  draft  of  the  report  “Improved  Design  Process"  D.  C.  MncMiUan  for  the  National 
Shipbuilding  Research  Program.  31  January  IS77.  p.  3-44. 


Because  of  the  standards*  simplicity  all  required  material  identities  and 
quantities  were  easily  tabtrialed  by  computer.  Thus,  experienced  design¬ 
ers  do  not  have  to  be  concerned  with  preparation  of  material  lists  for 
standard  components.  The  tabulation  can  be  used  by  less  experienced 
people  using  manual  procedures.  Elsewhere,  shipyards  can  use  the  avail¬ 
able*  programs  for  inputting  the  required  indentities  and  quantities  into 
their  own  computers  for  preparation  of  material  lists,  requisitions,  etc.  % 


3.2.3  Resource  Allocation 

This  function  is  made  easier  by  the  use  of  standards  because  the  process  of 
allocating  manhours,  materials,  fecitities  and  time  has  to  be  done  only  once 
for  a  particular  component.  Thereafter  the  same  information  can  be  used 
repeatedly. 

In  addition,  the  use  of  standard  components  increases  the  opportunities  to 
elect  cost  saving  alternatives,  e.g..  the  ready  detection  of  identical  compo¬ 
nents  mid  subassemblies  which  should  be  batch  manufactured  and  of  those 
items  which  should  be  subjected  to  make-or-buy  analyses.* 

Applying  computers  to  all  resource  allocation  tasks  are  greatly  facilitated 
through  use  of  the  standards. 

3.3  In  Pnulnction 

The  standardization  of  sizes  and  fittings  such  as  elbows  and  transformations 
produce  cost  savings  because  they  eliminate  most  of  the  need  for  special  cases. 
Thus  expenditures  of  shop  resources  will  be  reducetifordevelopiftg,  storing  and 
retrieving  patterns.  Further  benefit  accrues  from  having  to  contend  with  fewer 
material  tons  in  shops*  store s.  In  addition,  the  standardization  makes  it  practi¬ 
cal  to  use  the  same  construction  drawings  in  ships  of  various  sizes  and  types. 

The  construction  drawings  produced  by  the  researcher  anticipate  ail  information 
needed  by  craftsmen.  Preparation  of  end  connections,  notching,  allowances  for 
longitudinal  and  transverse  seams,  etc.,  ore  detailed.  Pattern  configuration  and 
layout  possibilities  are  noted  along  with  required  dimensions.  This  information  is 
sufficiently  detailed  to  facilitate  digitizing  developed  views  and  automatic  cut¬ 
ting. 


Ho  U.S.  shipbuilders  from  (be  RAD  Program  Manager.  Todd  Shipyards  Corporation.  Seattle  Division. 
P.  O.  Box  3806.  Seattle.  WA  *»!»  amt  when  cataloged  from  the  National  Technical  Information 
Service.  3285  Port  Royal  Road.  VA  22161. 

3 See  Appendix  I  tor  a  listing  of  potential  vent  duct  manufacturers. 
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4.0  RATIONALE  FOR  SPECIFIC  IMPROVEMENTS 


4.1  Sizes 

106  standard  sizes  were  developed  in  2-inch  increments  in  both  width  and  depth. 
They  are  given  in  the  Designer's  Pamphlet.  Appendix  A.  Except  for  two  cases, 
the  sizes  do  not  go  beyond  a  I  to  3  aspect  ratio  because  higher  ratios  may  reduce 
geometric  integrity  and  increase  the  chance  of  duct  “panting."  The  2-inch  depth 
sizes  have  a  I  to 4  limiting  ratio  and  the  4>inch  depth  sizes  have  a  I  to  3.5;  both  are 
acceptable  because  of  structural  support  front  the  comers.  Although  mat  used  in 
quantity,  ducts  above  12-inches  in  depth  with  aspect  ratios  exceeding  I  to  2.5 
have  been  included.  They  nre  frequently  used  in  machinery  spaces  for  the  larger 
branches  required  between  the  main  vertical  trunks  and  the  smatier  distributive 
branches. 

The  number  of  sizes  is  determined  in  large  part  by  the  need  for  reasonable 
efficiency  in  splitting  to  standard  sizes.  Section  6  discusses  the  effects  of  dispro¬ 
portion al  splitting Tor^cd  by  the  2-inch  increments  in  duct  size.  Appendix  F 
shows  the  split  availnbffity  for  each  depth  and  gives  the  duct  size  utilization  for 
i  the  first  generation  of  splits.  Utilization  of  standard  sizes  is  efficient  up  to  the 
12-Inch  x  .16-inch  size;  this  range  accommodates  a  large  percentage  of  normal 
applications. 

Ducts  larger  than  the  standard  sizes  are  Hi  most  instances  either  built  kilo  the  ship 
or  have  their  shape  determined  by  structure,  adjacent  bulkheads,  space  ar¬ 
rangements.  etc.  These  should  remain  special  cases. 

The  impact  of  size  standardization  is  pervasive.  Most  important,  it  is  a  prerequi¬ 
site  for  much  of  the  simplification  of  components  that  has  been  accoropfished.  It 
allows  component  energy  losses,  material  requirements  and  fabrication  dimen¬ 
sions  to  be  tabulated.  It  increases  the  number  of  like  parts,  decreases  the 
likelihood  of  peculiar  duct  components,  and  therefore  increases  the  possibilities 
for  manufacturing  economies  in  the  sheet  metal  shop. 

Figure  4-1  presents  the  standard  and  acceptable  alternative  radius  corners  for 
each  duct  depth.  The  standard  rmfii  wifi  suit  structural  requirements  fur  almost 
all  strength  penetrations.  Cost  savings  may  come  directly  from  the  fact  that  only 
three  templates  are  required  for  the  full  range  of  sizes.  Savings  are  assured  where 
the  use  of  the  standard  radii  allows  the  use  of  an  abrupt  transition  hi  Ben  of  a 
transformation.  The  standard  radii i  are  also  prerequisite  for  the  standardization  of 
flanges  and  boll  hole  spacing. 


SMALL  CROSS-SECTORAL 
DIMENSION  OF  COAMING 
DOR  W 
(INCHES) 

AVAILABLE  RADIUS  CORNERS 
(INCHES) 

ONLY  AS  NECESSARY  I 

Si  l 

R2 

R3 

R4 

2 

i 

— 

— 

— 

4 

i 

2 

— 

— 

6 

i 

3 

— 

— 

8  • 

i 

2 

4 

— 

10 

2 

3 

5 

— 

12 

2 

4 

6 

— 

14 

2 

4 

7 

— 

16 

2 

4 

6 

8 

18 

3 

5 

7 

9 

20 

3 

5 

7 

10 

22 

3 

6 

8 ' 

11 

24 

3 

8 

9 

12 

Figure  4-i  RtuHtts  C turner  Availability 
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4.2  Sheet  Material 


» 


Sheet  steel,  either  galvanized  or  otherwise  protected,  is  the  only  material  spec¬ 
ified.  Material  thickness  has  changed  only  in  the  lighter  gauge  duct.  24  to  16 
gauge;  two  gauges  replace  five. 

The  reduction  in  line  items  was  made  after  careful  study  of  each  of  the  following: 

•  current  naval  and  commercial  marine  design. 

•  current  commercial  design  shore  side, 

•  capabilities  of  seaming  machines. 

•  desire  to  minimize  stock  inventories, 

•  need  to  meet  regulatory  body  requirements, 

•  demands  made  on  materials  in  the  shipboard  environment,  and 

•  need  to  meet  duct  stiffness  criteria. 

While  accommodating  all  of  these  considerations,  the  standards  call  for  only  two 
gauges.  20  and  16  gauge,  for  materials  less  than  MMocb  thick.  This  eliminates  the 
use  of  18,  22  and  24  gouge  material.  The  elimination  of  24  gauge  will  not 
significantly  affect  costs  because  this  gauge  is  currently  used  only  In  duel  where 
the  largest  cross-sectional  dimension  is  less  than  6  inches.  Moreover,  24  gauge  is 
not  suitable  for  applications  requiring  S  Class  fire  protection.  Dividing  the 
existing  18  gauge  applications  between  26  gauge  and  16  gauge  is  an  even  cost 
trade.  Similarly,  the  elimination  of  22  gauge  material  is  roughly  an  even  trade 
because  the  heavier  20  gauge  is  both  better  suited  to  welding  and  less  likely  to  be 
damaged  in  storage.  Characteristics  and  applicability  of  the  sheet  material  are 
shown  in  Table  4-1. 


COMPONENT  SIZE 
(IrtGtfExo) 

<D 

GAUGE 

<2> 

THICKNESS 

(INCHES) 

(2) 

WEIGHT 

(LBgFP) 

COST 

(IffHP) 

« 

11 

.1233 

5.0357 

1.00 

11 

.1233 

5.0357 

1.00 

11 

.1233 

5.0357 

1.00 

OftYCABQpmXDS  . 

-  ’ 

.1875 

7.65 

1.53 

iMfi. 

- 

.250 

10.2 

2.04 

VHRTKAL  exposed 

16 

xms 

2.5958 

.50 

Ill'Ll 

^*^?I2n6 

20 

jomr 

?  16207 

_ *30 

|  6*12 

So 

A 396 

1.6207 

JO 

12* -16 

20 

,0306 

1.6307 

•30 

IBVk-S 

20 

~  jfiSfc 

•3? 

txfcm 

16 

40 

OVER  30 

16 

.0635 

2.5056 

.50 

r  CROSS  -  SECTIONAL  DIMENSION. 

- S  STANDARD  GAUDS.  THICKNESS  INCLUDES  GALVANIZING  FOR 

imwww. 

LU8  GALVANIZING  FOR  11  GAUGE  AND  THINNER.  BASIC  WEIGHT 
ANO  UTTiSFMATERtALS. 

4  -  COST  DATA  IS  FOR  FEBRUARY  1978. 


Table  4-/  Sheet  Material  Utilization 


8 


4.3  Seams  • 

Longitudinal  seams  have  been  included  in  the  scheme  store  because  of  their 
effect  on  transverse  connections  and  components  than  because  of  any  Improve¬ 
ment  in  fabrication  methods.  AM  seven  types  mesh  smoothly  with  the  rest  of  the 
standards.  The  only  significant  change  from  current  practice  is  the  use  of  struc¬ 
tural  ‘pop’  rivets  on  24nch  centers  with  no  sealant  for  the  Type  4  riveted  seam 
described  in  the  following: 


TYPE  /  is  the  standard  Pittsburgh 
comer  lock  commonly  used  by  ship¬ 
yards  for  the  corner  longitudinal 
scams  on  rectangular  straight  dud, 
elbows,  and  non-radius  comer  trans¬ 
formation  pieces.  It  is  a  strong  seam, 
usually  formed  by  machines  spe¬ 
cifically  dedicated  fo  K,  and  set  by 
hand.  The  seam  does  pose  problems 
to  transverse  connection  methods. 


TYPE  2  is  a  welded  comer  seam  now  in  use  by  some  shipyards.  It  is  rec¬ 
ommended  where  the  necessary  welding  skills  and  equipment  make  it  economi¬ 
cally  competitive.  Its  use  can  simplify  transverse  connections.  The  only  change 
recommended  would  be  to  bend  one  edge  to  prevent  welding  bum-through  and  to 
aid  in  duel  alignment.  This  bend  isn't  necessary  if  the  yard's  light-gauge  welding 
is  highly  developed.* 


TYPE  i  is  one  of  two  types  of  longitudinal  scams  used  where  comer  seams  are 
not  possible.  This  seam  is  seldom  used  in  material  heavier  than  211  gauge. 
Maintaining  duct  size  tolerance  is  more  difficult  than  with  other  seams,  mid  there 
is  Bute  play  for  duct  alignment  and  adjustment. 


•See  Appendix  A.  Sheet  MS.  for  ilkutreUen  ofType  2. 


TYPE  4  is  the  button  punch  snap  lock  comer  seam  which  is  coming  into 
prominent  use  in  the  commercial  shorestde  industry.  It  is  formed  by  machines 
designed  for  the  purpose.  Although  possible,  use  of  this  seam  on  elbow  comers  is* 
not  recommended  because  of  the  problems  involved  in  bending  the  seam  without 
affecting  the  locking  feature.  This 
type  hi.  however,  recommended 
for  straight  dud  mid  non-radius 
corner  transformation  pieces  in 
the  20  gauge  material  range.  The 
lock  is  accompSsbed  by  pushing 
the  two  pieces  together:  setting  or 
peering  over  by  hand  hi  not  re¬ 
quired.  Cost  is  roughly  the  same 
as  the  Pittsburgh  comm*  lock  in 
the  20  gauge  range. 

TYPE  S  is  a  lapped  riveted  or  spot  welded  scam.  It  is  one  of  the  two  types  of 
longitudinal  seams  commonly  used  by  shipyards  where  comer  seaming  is  not 
possible.  Us  main  application  is  on  transformation  pieces  with  radius  corners. 
The  ‘pop*  rivets  currently  used  have  been  replaced  by  structural  ‘pop*  rivets,  and 
the  rivet  spacinghas  been  changed  from  1 14-inches  C-C  to  2-inches  C-C .  Sealing 
of  the  rivets  should  be  more  than  offset  by  the  savings  from  Increased  spacing  and 
elimination  of  sealing.* 

TYPE  6  is  similar  to  Type  3  except  that  the  materials  involved  are  thicker,  and 
therefore,  no  bend  is  required  to  prevent  welding  bum-through.* 

TYPE  7  is  a  butt-vyelded.  water  tight  seam  for  thicker  gauge  materials  only.  T  ype 
6  or  Type  7  seams  may  be  used  interchangeably  at  the  discretion  of  the  fabrica¬ 
tion  shop.* 


•See  Appendix  A.  Sheet  16,  tor  iflostralioiu  of  Types  5.  6  and  7. 
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4,4  Transverse  Connections 


4  A ,  I  Flanged 

The  standardization  scheme  incorporates  a  number  of  small  changes  to 
existing  flange  details  which  should  save  20  or  50  percent  per  assembly. 
The  savings  are  dtflkuJi  lo  estimate.  Some  are  simplified  shipyard  fabrica¬ 
tion,  reduced  inventory  control,  die  option  of  buying  from  outside  sources, 
and  the  use  of  the  same  construction  drawings  for  alt  ships. 

Savings  appear  certain  from  the  change  to  standard  boll  hole  spacing.  This 
allows  use  of  fewer  templates.  OaJy  twelve  are  required  for  all  possible 
radius  comers  for  the  standard  sizes.  Because  many  of  die  possible  radii 
will  seldom  be  needed,  only  three  or  four  templates  wii  be  Inconstant  use. 
Bolt  hole  standardization  eliminates  the  need  to  fabricate  flanges  as  mated 
pairs  that  must  be  kept  together.  The  standarfoperiiiltiMty  two  gauges  of  a 
given  duct  size  ami  comer  configuration  to  be  mated,  even  If  one  Is 
installed  upside  down.  Tills  encourages  bulk  purchases  of  flanges  from 
outside  sources.  Savings  also  result  from  the  following: 

•  Bolt  hole  size  is  independent  of  the  mating  flange  type. 

•  Hex  washer  head  bolts  and  flange  nuts  have  been  selected  and  sized  to 
eliminate  the  need  for  washers  and  to  allow  a  reasonable  amount  of  bolt 
hole  mismatch.  (These  can  be  bought  with  bearing  surfaces  which  act  as 
lock  washers  offering  a  more  secure  connection.) 

•  Smaller  diameter  fasteners  are  specified  to  further  reduce  costs.  For 
example  1/4-inch  bolts  are  substituted  for  the  3/8-inch  presently  used  to 
connect  non-wutertight  duct  to  coamings. 

•  Three  basic  types  of  flanges  and  material  configurations  have  been 
reduced  lo  two. 

•  For  several  flange  types,  l/8-inch  thick  material  is  used  when  attached  to 
I /8-inch  components,  in  place  of  the  3/  16-inch  thick  material  now  used. 

•  Rivet  spacing  lias  been  revised  upward  to  2-Inch  C-C  from  I  ‘/4-inch  C-C . 
For  this  spacing  structural  break-mandrel  type  rivets  must  be  substi¬ 
tuted  for  the  current  non-structural  type.  The  better  rivet  eliminates  the 
widespread  problem  of  having  mandrels  foil  out  after  fabrication.  Also, 
the  practice  of  seating  the  rivet  heads  is  no  longer  required. 


4.4.2  Non-fianged 

More  important  than  flange  details  is  the  scheme's  emphasis  on  non-flange 
connections.  Appendix  O  includes  a  cost  comparison  bet  ween  a  flange  and 
recommended  non  -flange  connections.  Savings  may  be  over  50  percent  in 
substituting  non-flange  for  flanged. 

4.5  Transformations 

The  Designer's  Pamphlet  recommends  that  abrupt  transformations  be  used 
wherever  feasible,  e.g.,  a  standard  Type  2  flange  can  usually  serve  as  the 
Transform  piece'  to  a  radius  corner  coaming.  The  higher  losses  gre  offset  by 
savings  In  fabrication  costs.  If  the  abrupt  transform  proves  inadequate,  the 
standards  offer  two  gradual  transforms.1  Estimated  fabrication  times  are  in 
Appendix  O.  designer**  second  choke  is  mi  equal  area,  rectangular-to- 
rectangutar  transform  costing  approximately  2,25  fabrication  hours.  The  stan¬ 
dard  Type  2  flaw  again  makes  foe  transition  to  the  radius  comer  coaming.  The 
worst  alternative  is  foe  rectanguhur-to-rafous  corner  transform  with  an  estimated 
cost  of  3.75  fabrication  hours. 

To  facilitate  more  frequent  use  of  abrupt  transforms,  foe  standards  hold  coaming 
radii  to  foe  minimums  which  meet  the  strength  requirements  for  bulkhead 
penetrations.  Analysis  showed  foal  for  commercial  ships  huger  radii  would  be 
necessary  only  in  very  pectrifor  circumstances  and  would  likely  cost  foe  shipyard 
two  expensive  transforms, 

4.6  Access  Plates  '  •*  • 

4.6.1  Quick-acting 

Access  plates  now  in  general  use  are  variations  of,a  round  type,  fitted  with 
wing  nuts,  as  shown  in  Figure  4-2.  However,  the  Hat-oval  type,  also  shown 
in  Figure  4-2,  is  more  productive  because  duct  preparation  is  limited  to 
cutting  a  simple  access  hole;  no  wekfing  Is  involved.  Further,  required 
material  fine  Hems  me  reduced  from  five  to  one.  This  flat-oval  cover  Is  a 
Navy  standard  that  has  already  been  used  in  some  commercial  ships.  See 
Appendix  C  for  cost  information. 

4.6.2  Bolted 

No  chaises  are  proposed  to  fog  bolted  access  plates  now  in  use  except  to 
offer  alternative  fasteners.  The  alternative  fasteners  are  much  less  expen¬ 
sive  (see  the  cost  comparison.  Appendix  G).  but  not  all  shipyards  have  foe 
presses  required  to  seat  them.  Therefore  their  use  has  not  been  considered 
for  estimating  the  cost  savings  available  through  the  use  of  standards. 


•For  completeness  the  standards  also  include  a  rectangulaMo-round  trumformailun  and  flat-sided 
versions  a t  the  three  bask  types. 
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ROUND  TYPE 


FLAT-OVAL  TYPE 


4.7  Bellmouth  Terminals 

Bellmouth  terminal  design  has  been  simplified;  only  seven  curved  templates  will 
be  required  to  produce  the  end  details  for  ah  bellmouths.  Referencing  the 
developed  view.  Figure  4-5,  the  radius  R  Is  determined  as  shown  In  Table  4-2. 

Cost  analysis  Is  difficult,  because  the  fabrication  procedure  will  remain  about  the 
same.  However  the  increased  use  of  templates  for  the  end  curve .  allowed  by  the 
standardization,  wiM  eliminate  the  special  curve  developments  presently  re¬ 
quired.  A  further  benefit  will  result  from  the  standardization  of  wire  mesh 
screening  which  the  standard  bellmouth  terminal  permits.  The  detailed  cost 
comparison,  Appendix  G,  predicts  a  savings  of  15  to  20  percent  per  bellmouth: 
0.5  hours  fabrication  time  (less  254  for  additional  material)  due  to  reduced  layout 
time. 


4.8  Wire  Mesh  Screening 

All  rectangular  openings  have  been  standardized  for  which  wire  mesh  screening 
may  be  required.  These  openings  include  open-end  duct,  cone  terminals, 
belbnouths.  side  of  duct  openings,  and  weather  openings.  The  dimensions  of  att 
openings  and  all  required  wire  mesh  screens  are  based  on  I -inch  increments. 
Except  for  weather  openings,  the  details  of  the  wire  mesh  housing,  bohed 
locations,  and  corresponding  screen  configuration  will  not  vary  with  the  type  of 
opening.  No  cost  analysis  was  attempted  for  these  improvements.  But.  savings 
are  expected  from  the  elimination  of  the  many  small  changes  associated  with  the 
current  methods  of  sizing  openings  and  from  the  simplification  of  such  items  as 
‘IT  frames,  retaining  frames  and  fastening  hardware. 


Figure  4-2  Quick-Acting  Access  Plates 


II 


Table  4-2  DETERMINING  BELLMOUTH  RADIUS  R 


Z  »  (DarW)  +  2R 


X  <  larger  of  D  or  W)  R 


r<x<  r 

/* 

8*  <  X  <  16* 

r 

16*  <  X  -6  24* 

3* 

24*  <  X  *  32* 

4* 

32*  <  X  *  40* 

5* 

40T  <  X  «  48* 

6* 

48*  <  X  -S  54* 

r 

In  no  case  » the  standards'  R  more  than  7/8  inch  different  from  R  calculated  by 
current  methods  shown  fat  Table  4-3.  The  Energy  Loss  Factor  is  the  same  for 
both  standard  and  current  practice,  i.e. .  0. 15  Hv  (velocity  bead)  for  all  values  or 
R. 


- - □ 

|  1.57  H 

DEVELOPED  VIEW 

( 

n 

Dor  W 

(2  EACH  REQD) 

...  ..  7 

- - ' 

Figure  Bettnuntth  Termlnuts 


Table  4-3  CURRENT  METHODS  FOR  DETERMINING  RADIUS  R 


Method  A:  X  (larger  of  DarW)  _R 

X  «8*  I*  ' 

X  >8*  .I25X 


(Range  of  R  is 
from  I*  to  6.75") 


Method  B:  Y  (smaller  qfD  or  W)  £ 

for  all  Y  .6Y 


(Range  of  R  is  from  1.2*  to  14.4*;  limited  to  9.75*  max.  by  some  design  shops.) 

These  current  methods  produce  from  14  to  47  different  values  for  R  over  the  range  of 
•  the  standard  sizes.  By  the  most  widely  used  method  (Method  A).  R  increases  in 
l/8-inch  increments  for  every  I  inch  increase  in  the  maximum  duct  dimension. 
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5.0  IMPACT  ON  PRESSURE  DROP  LOSSES 

To  determine  the  impact  of  the  standards  on  duct  pressure  drop  losses,  a  typical 
system  was  selected  from  one  of  the  vessels  reviewed  during  the  first  phase  of  this 
project.  The  system  was  labeled  SSI  (supply  system)  and  is  shown  schematically  in 
Figure  5-1.  The  entire  system  (except  for  one  branch  for  which  data  was  not 
available)  was  calculated  exactly  at  depicted  on  the  vent  arrangement  plans.  The 
same  system  was  then  recalculated  as  SSP  with  the  following  changes: 

•  All  duct  sizes  were  made  standard  except  those  connecting  to  equipment. 

•  All  elbows  were  made  standard  and  those  less  than  15*  angle  of  turn  were 
eliminated  and  calculated  as  mitres. 

•  AB  transformation  pieces  between  ducts  and  radius  corner  spools  were  elimi¬ 
nated.  and  losses  for  abrupt  changes  were  calculated. 

•  AB  splits  were  made  of  standard  sizes,  and  where  this  violated  the  proportional 
split  concept,  these  were  calculated  to  show  the  resulting  abrupt  tosses. 

All  of  the  changes  were  investigated  with  respect  to  feasibility  on  the  vent 
arrangement  plans. 

Table  5-1  is  the  tabulated  comparison  of  pressure  drop  losses  to  each  terminal 
point.  The  differences  in  pressure  drop  losses  -  column  AP  -  shows  that  design  to  the 
standards  had  no  significant  impact  on  the  efficiency  of  the  system.  Moreover,  finer 
points  such  as  the  ciiminatiof!  of  all  transformation  pieces  between  rectangular  duct 
and  radius  comer  spools  were  separately  evaluated  and  shown  to  Have  little  impact. 
The  smafl  differences  in  losses  for  the  study  system  Indicate  that  the  design  of 
rectangular  HVAC  systems  to  the  standards  is  unquestionably  practical. 
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TABLE  5-1 


500 


SYSTEM  SCHEMATIC  -  SSI 


9545 


SSI  ami  SSI*  -  COMPARISON  OF  TOTAL  PRESSURE  DROP  LOSSES  TO 
TERMINAL  POINTS 


Current 

Standards 

Practice: 

Appffed: 

Terminal 

SSI 

SSI* 

Point  No. 

(See  Note  1) 

(See  Note  2) 

Ap  -  SSI-SSI* 

3 

1.892 

1.927 

-.035 

6 

1.981 

1.959 

.022 

8 

1.882 

1.874 

.008 

10 

2.116 

2.108 

.008 

12 

2.152 

2.144 

.008 

13 

2.195 

2.187 

.008 

15 

1.219 

1.307 

-.088 

20 

2.200 

2.228 

-.028 

21 

2.175 

2.203 

-.028 

22 

2.159 

2.169 

-.010 

23 

NO  INFORMATION  AVAILABLE  FOR  THIS  TERMINAL 

25 

2.293 

2.286 

.007 

27 

2.233 

2.226 

.007 

28 

2.190 

2.183 

.007 

NOTE  I  -  Pressure  drop  losses  as  calculated  for  SSI  from  the  vehtdra  wing  with  no 
changes. 

NOTE  2  -  Pressure  drop  losses  as  calculated  for  SS  i’  from  the  vent  drawing  with  (he 
following  changes: 

a)  Ah  duct  sizes  made  standard  except  for  those  connecting  to  equip¬ 
ment. 

b)  AU  elbows  made  standard,  and  those  less  than  15*  turn  eliminated  and 
calculated  as  mitres. 

c)  AU  transformation  pieces  between  ducts  and  radius  comer  spools 
eliminated  and  losses  for  abrupt  changes  calculated. 

d)  Abrupt  losses  calculated  at  splits  where  the  use  of  standard  sizes 
violated  the  proportional  spUt  concept. 

NOTE  3  'Calculations  were  made  from  Navy  Duct  Size  Factor  Wheel  and 
ASHRAE  Handbook  of  Fundamentals  -  1972. 


Figure  S-l 


6.0  PROBLEM  OF  DISPROPORTIONAL  SPLITS 

One  of  the  main  problems  associated  with  the  standardization  of  rectangular 
duct  size*  is  that  as  the  number  of  specific  sizes  is  reduced,  the  probability  of 
disproportions!  splits  becomes  larger.  This  problem  is  really  two-fold:  not  only  do 
abrupt  velocity  changes  cause  dynamic  energy  losses,  but  also  the  uncertainty  of  the 
resulting  steady  state  conditions  becomes  greater  as  the  proportionality  becomes 
less.  The  com  of additional  fa n  energy  can  of  course  be  subtracted  from  the  savings  in 
construction  cost  to  get  the  estimated  net  savings.  The  uncertainty  of  resulting  steady 
state  air  Bow  conditions,  however,  is  not  easily  predetermined  and  can  cause  major 
difficulties  during  the  system  balance  tests. 

The  worst  effect  of  disproportkmal  splitting  occurs  in  the  case  of  a  small  duct 
carrying  air  at  high  velocities.  The  worst  case  within  the  range  of  the  proposed 
standard  sizes  and  at  the  highest  design  velocity  is  as  follows:  assuming  that  a  one 
inch  split  was  previously  the  desired  minimum  and  that  a  4-inch  x  4-inch  duct  carrying 
444  cfm  at  4000  ffimi*  to  be  divided  Into  two  ducts,  a  l-inch  split  would  divert  lllcfm 
proportionately.  The  resulting  two  ducts  would  then  be  l-inch  x  4-inch  duct  carrying 
III  cfm  at  4000  fpm  and  a  3-Inch  x  4-inch  duct  carrying  333  cfm  at  4000  fpm. 

Assuming  that  the  split  is  made  on  the  supply  side  of  a  system,  the  conditions 
that  a  2-inch  incremental  splitting  standard  would  create  would  be:  an  abrupt  expan¬ 
sion  of  the  III  cfm  to  2000  fpm.  resulting  in  a  dynamic  loss  of  .25-inch  H«0;  and  an 
abrupt  contraction  of  the  333  cfm  to  6000  fpm.  resulting  In  a  dynamic  loss  of  .28-Inch 
HtO.  In  this  worst  case,  the  resulting  losses  are  obviously  unacceptable.  However, 
this  case  is  not  Bkely  on  the  exhaust  side  of  a  system,  because  if  standard  sizes  were 
used,  their  combination  would  presumably  be  another  standard  size. 

The  best  case  resulting  from  the  disproportions!  division  of  a  main  duct  carrying 
air  at  4000  fpm  would  be  where  a  54-inch  x  18-inch  duet  were  divided  into  a  26-inch  x 
18-inch  duct  and  a  28-inch  x  18-inch  duct  when  an  equal  split  is  required.  The 
resulting  abrupt  expansion  loss  would  be  .062-inch  H»0.  and  the  abrupt  contraction 
loss  would  be  .009-inch  HiO.  Just  as  obviously,  these  losses  are  acceptable. 

The  above  cases  have  been  calculated  assuming  the  highest  velocity  and  greatest 
disproportlonaHty  ami  so  reflect  the  greatest  losses  for  both  the  worst  and  best  cases. 
Most  actual  losses  will  be  between  the  values  calculated  and  lower  than  the  arithme¬ 
tic  mean.  It  is  estimated,  therefore,  that  in  the  majority  of  cases  the  losses  will  be 
acceptable. 
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APPENDIX  A 


DESIGNER  S  PAMPHLET 

This  appendix  contains  a  catalog  to  facilitate  a  designer  s  selection  of  standard 
components.  It  most  be  used  with  the  available  dimensional  criteria  and  material 
requirements;  see  Appendix  C. 

Any  proposals  for  significant  modification  of  this  Appendix,  or  of  Appendix  C , 
should  be  addressed  to  the:  RAD  Program  Manager.  Todd  Shipyards  Corporation. 
Seattle  Division.  P.  O.  Box  3110$.  Seattle.  WA  98124. 
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DEFINITION  OF  TERMS 
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UNITED  STATES  COAST  GUARD,  (REF  4)  . 

MASS  *B»  FIRE  PROTECTION  -  THOSE  DUCT  COMPONENTS  FABRICATE,  AND 

INSTALLED,  TO  SATISFY  CLASS  '»*  FIRE  PROTECTION  REQUIREMENTS,  AS  DEFINED  BY  THE 
UNITED  STATES  COAST  GUARD,  (REF  4)  . 
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THROAT,  OR  WRAPPER)  MUST  BE  DESIGNATED  D. 
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RC  -  RADIUS  CORNER 
C-C  *  CENTER  TO  CENTER 

THE  FOLLOWING  LETTERS  HAVE  BEEN  USED  FOR  DIMENSIONAL  SYMBOLS: 

R  •  RADIUS 
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“Y  iH^iun^D^^NSIQN  POR  PREPARED  TRANSVERSE  SEAM 

SI,  S2,  S3  *  SPLITTER  RADII  _ 

V.  01.  02.  *.  Si.  w  -  ecHFOMW  «£«mwi«»  dbowiohs 

A  -  ANGLE  OP  TUSH,  AMD  DIMENSION  FOR  ACCESS  PLATE 
B  ■  DIMENSION  POR  ACCESS  PLATE 
X  »  DISPLACEMENT  OP  cppset  CENTERLINE 
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22# 
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22# 

24. 

24 

AS  JOT  BE  SEEM#  BOOT  COMPONENT  CROSS-SECTIONAL  SIZES  HAVE  BEEN  STANDARDISED  TO 
TWHZaCH  INCREMENTAL  CHANCES.  THESE#  AND  THESE  ALONE#  CONSTITUTE  THE  *  STANDARD 
SIZES*  AS  PROPOSED  HEREIN.  IT  IS  EMPHASIZED  THAT  ALL  SIZES  NOT  Mmm  OR  THAT 
TABLE  AXE  TO  BE  CONSIDERED  AS  HOM-SfTOASD* .  WHERE  IT  ZS  NOT  POSSIBLE  TO  UTILIZE 
ONE  OF  THE  STANDARD  SINES  IN  ANT  PAHTXCDLtt  INSTANCE,  D  AND  N  DIMENSIONS  SHALL  BE 
BASED  OH  ONE-INCH  INCREMENTAL  CHANGES.  IN  NO  CASE  SHOULD  FRACTIONAL  VALDES  OP  D 
AMD  If  BE  SPECIF  ISO#  EXCEPT  WHERE  EQUIPMENT  CONNECTIONS  SO  REQUIRE.  THE  CONSTROCTXON 
AND  FABRICATION  DRAWINGS  (REF.  3)#  AMD  COMPUTER  OUTPUT  (RET.  1)#  HAVE  HON  DEVELOPED 
TO  SUIT  THE  TWO-IHC*  INCREMENTAL  SIZE  STANDARD,  WITH  PROVISION  FOR  THE  0HS-XMCH 
IWCREKENTAL  SIZES,  IF  NECESSARY.  IT  ZS  AGAIN  STRESSED  THAT  TEE  "STANDARD  SIZES" 

EE  USED  WHEREVER  POSSIBLE. 


GRADE  1  (20  R*  STEEL)  -  USED  FOR  ALL  NOB-WATERTIGHT  DUCT  COMPONENTS  WHOSE  LARGEST 
CROSS-SECTIONAL  DIMENSION  IS  24"  OR  LESS. 

GRADE  2  (IS  9ft  STEEL)  -  USED  FOR  ALL  NON-WATERTXGBT  DUCT  COMPONENTS  WHOSE  LARGEST 
CROSS-SECTIONAL  DIMENSION  IS  GREATER  THAN  24". 

GRADE  3  (11  ga  STEEL)  *  USED  FOR  ALL  DUCT  COMPONENTS  EXPOSED  TO  TEE  WEATHER,  WATER¬ 
TIGHT COMPONENTS,  C0HPCMSHT8  SUBJECT  TO  CLASS  'A*  FIRE  PROTECTION  REQUIREMENTS,  AND 
COMPONENTS  WHICH  MAY  BE  SUBJECT  TO  APPRECIABLE  DAMAGE  (OUTSIDE  OF  DRY  CARGO  BOLDS)  . 

GRADE  4  (3/16*  STEEL)  -  USED  FOR  ALL  HORIZONTAL  DUCT  COMPONENTS  IN  DRY  CARGO  BOLDS. 

GRADE  5  0/4"  STEEL)  -  USED  FOR  ALL  VERTICAL  DUCT  COMPONENTS  IN  DRY  CARGO  BOLDS. 

ALL  OP  TBS  ABOVE  DUCT  MATERIAL  GRADES  SATISFY  CLASS  'B*  FIRE  PROTECTION  REQUIREMENTS. 


THIS  PAMPHLET  IS  SUPPLEMENTED  BY  REFERENCES  1  AND  3.  WHILE  REFERENCE  1  LISTS 
MANY  OP  THE  DUCT  COMPONENT  MATERIAL  QUANTITY.  REQUIREMENTS,  THE  FOLLOWING 
XHFONMATXQN  IS  ALSO  NOTED: 

THE  MATERIAL  REQUIRED  FOR  ANY  PIECE  OF  STRAIGHT  DUCT  MAY  BE  APPROXIMATED  BY 
THE  FOLLOWING  EQUATION  (INCLUDING  ALLOWANCES  FOR  TRANSVERSE  CONNECTIONS  AND 
LONGITUDINAL  SEAMS)  : 
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NOTES  (CONT'D) 


4.  (CONT*D) 

M  -  CL  ±  2)X(D  +  W  +  1) 


M  -  NET  MATERIAL  REQUIREMENT  IN  SQUARE  FEET 
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D  -  -D-  DIMENSION  OF  DUCT  IN  INCHES 
L  -  LENGTH  OF  DUCT  IN  INCHES 
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H  -  NET  MATERIAL  REQUIREMENT  IN  SQUARE  FEET 
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N  -  *W*  DIMENSION  OF  ELBOW  IN  INCHES 
D  -  *D*  DIMENSION  OF  ELBON  IN  INCHES 
TR  »  THROAT  RADIUS  OF  ELBON  IN  INCHES 
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I  „  5  (COkTD  ON  SH  7) 


H0TB8  (COST'D) 


THE  CHEST  XH  THE  BUFFALO  FORGE  CO.  HANDBOOK  "FAN  ENGINEERING"  SHALL  BE  USED  TO 
DETERMINE  ELBOW  SPLITTER  SPACING.  (EXCEPT  FOR  THE  DOUBLE-ffALL  TURNING  VANES 
USED  IN  THE  TYPE  4  ELBOW.  EQUAL-SPACED  SPLITTERS  WILL  EOT  PRODUCE  THE  MINIMUM 
ELBOW  PRESSURE  LOSS)  .  SPLITTER  LOCATIONS  AXE  ALSO  LISTED  IN  REP  1. 


THE  VASED  ELBOW  SHOWN  HAS  BEEN  DEVELOPED  TO  ACCEPT  EITHER  SHOP-FABRICATED  OR 
COMMERCXALLT  BOUGHT  TONING  VANES  AND  VANE  RUHIBRS.  THE  TURNING  VANES  INDICATED 
ARE  OF  THE  DOUBLE  NELL  TYPE,  I N  ORDER  TO  MINIMISE  PRESSURE  LOSS.  THE  VANES  ARE 
AVAILABLE  WITH  AMD  WITHOUT  ACOUSTIC  INSOLATION  BETWEEN  THE  WALLS.  CARE  MUST  RE 
TAKEN  THAT  THIS  TIPS  OP  ELBOW  St  USED  TO  ONLY  90°,  NON-TRANSFORMING  TURNS.  SINCE 
THE  VANES  HILL  WOT  OTHERWISE  PERFORM  CORRECTLY.  BECAUSE  OP  ITS  SPECIALIZED  NATOS, 
MINIMUM  USE  SHALL  BE  MADE  OP  THIS  COMPONENT  TYPE. 


THE  USE  OP  ELBOW  TO  ELBOW  OFFSETS  ARE  A  FREQUENT  OCCURENCE.  AND  SOME  FABRICATION  SHOPS 
PREFER  TO  HARE  THESE  AS  ONE  COMPONENT.  SINCE  THEY  ARB  MADE  IN  OWE  PIECE,  THERE  IS  NO 
NEED  FOR  A  »C'  DDCHSIOM  ALLOWANCE  BETWEEN  THE  TWO  OFFSETTING  ELBOWS.  HOWEVER, 
GUIDANCE  ZB  THEIR  USE  HOST  BE  OBTAINED  FROM  TO  FABRICATION  SHOP,  CONCERNING  THEIR 
PREFERENCES.  LIMITATIONS  DUE  TO  SHEET  METAL  STOCK,  THE  MAXIMUM  SIZE  OP  COMPONENT 
WHICH  THEY  FABRICATE  AS  ONS  PIECE.  ETC. 

IF  USED,  THE  OFFSETS  HAVE  BEEN  DEVELOPED  TO  BE  SELECTED  ON  X*  INCREMENTAL  CHANGES  IN 
DUCT  CENTERLINE  LOCATION.  TO  DESIGN  PURPOSES.  THE  TOTAL  OFFSET  LENGTH  MAY  BE 
CALCULATED  FROM  THE  EQUATIONS  GIVEN.  AS  NOTED,  THIS  LENGTH  DOES  NOT  INCLUDE  THE 
*C‘  DIMENSION  ALLOWANCE  REQUIRED  ON  EACH  END  OF  THE  COMPLETE  OFFSET. 


THE  SELECTION  QP  TRANSFORMATION  CONFIGURATIONS  AND  LENGTH  Hi  MANY  CASES  WILL  DEPEND 
ON  THE  SPACE  AVAILABLE.  AS  MAY  BE  SEEN  FROM  THE  PRESSURE  DROP  DATA  REFERENCED 
HEREIN,  THE  TOTAL  ENERGY  LOSS  IS  DEPENDENT  UPON  THE  ANGLE  0T  CONVERGENCE  OR  DIVERGENCE. 
WHILE  A  WTO  RAWGE  OF  CONVERGING  UNCLES  WILL  RESULT  IN  ArFEOKXKMTSEY  THE  SAME  ENERGY 
LOSS,  THIS  IS  WOT  TRUE  TO  A  DIVERGING  ANGLE#  WHOSE  ENERGY  LOSS  VARIES  CONSIDERABLY . 

IT  IS  THEREFORE  IMPORTANT  TO  SELECT  A  DIVERGING  TRANSFORMATION  WHOSE  LENGTH  WILL 
MINIMIZE  SUCH  LOSS  IF  POSSIBLE. 

IN  ADDITION  TO  THE  ABOVE,  IF  A  FLAT-SIDED  TRANSFORMATION  IS  SELECTED,  THE  TOTAL  LOSS 
WILL  CONSIST  OP  TO  TRANSFORMATION  LOSS,  PLUS  TO  SMALL-ANGLE  MITER  TON  LOSSES 
WHICH  WILL  EXIST  AT  EACH  END  OP  THE  TRANSFORMATION,  DUE  TO  TO  CHANGE  IN  DIRECTION 
OP  TO  DUCT  CENTERLINE. 


TO  CHOICE  BETWEEN  LOCATING  A  BRANCH  TAKE-OFF  ON  STRAIGHT  DUCT,  OR  ON  A  TRANSFORMATION, 
WILL  DEPEND  ON  MANY  CONSIDERATIONS,  INCLUDING  SUCH  ITEMS  AS  BRAKCS/MAIN  AIR  QUANTITY 
RATIOS,  WHETHER  TO  TAKE-OFF  IS  LOCATED  OH  TO  SUCTION  0 *  DISCHARGE  SIDE  QP  TO  FAN, 
SPACE  AVAXLtBILm,  ESC.  IN  GENERAL,  IT  IS  RECOMMENDED  THAT  TO  TAKE-OFF  BE  LOCATED 
CHI  STRAIGHT  DUCT  IF  TO  BRAMCN/VUtSM  AIR  QUANTITY  RATIO  IS  10  PERCENT  OR  LESS.  IT  IS 
ALSO  RECOMMENDED  TEAT  TO  TONCt/MAHI  AIR  VELOCITY  RATIOS  BE  SELECTED  TO  MINIMIZE 


MAIN  (TRANSFORMING 
OR  CONSTANT  SIZE) 


BRANCH 
•  TAKE-OFF 


CL  OF  MAIN  AND 
BRANCH  TAKE-OFF 
SHOULD  BE  TO 
SAME 


2-1/2"  MIN  IF  _ 

DUCT  TRANSVERSE 
CONN  IS  FLANGED 

angle  toe. 

1-1/2"  MIN  OTHERWISE. 


1"  MIN  IF  MAIN  DUCT 
LONGITUDINAL  CORNER 
SEAM  IS  WELDED  OR  BENT. 
1-1/2"  MIN  OTHERWISE. 


(COMTD  OH  SH  t) 


sc 


NOTES  (CONT'D) 


IN  ORDER  TO  DETERMINE  TKEWOT5  FOR  OT^TWE^ffORCTMENT,  PI*£ 

determine  the  static  pressure  existing  within  the  duct  AT  VARIOUS  POINTS,  the 
following  data  will  aid  in  that  DETERMINATION  x 

STATIC  PRESSURE  AT  ANY  POINT  ON  SUCTION  SIDE  OF  FAN 
SP  -  - (TPL+VP) 

STATIC  PRESSURE  AT  ANY  POINT  ON  DISCHARGE  SIDE  OF  FAN 
SP  -  FTP  -(TPL+VP) 


SP  -  STATIC  PRESSURE  AT  ANY  FOINT*a' 
ftp  ■  FAN  TOTAL  PRESSURE  (SYSTEM  CONSTANT) 

£l  .  TOTAL  PRESSURE  LOSS  TO  POINT  ‘A*  CAS  CALCULATED 
FROM  THE  SUCTION  SIDE  TERMINALS.) 

VP  -  VELOCITY  PRESSURE  AT  POINT  **’ 

WHERE  ANY  OF  THE  FLANGED  TYPE  TRANSVERSE  CONNECTIONS  ARE  USED,  THEY  MAY  BE 
SoNSiDERZD  AS  DUCT  REINFORCEMENT.  (THIS  18  ALSO  TRUE  OF  THE  S-CL2P  WITH 
REINFORCING  LEG.) 


IT  IS  RECOMMENDED  THAT  THE  USE  OF  TYPES  2,  5.  AND  7  FLA^E  CONNECTICWS  M 
S  FAVOR  OF  TYPES  X,  3,  4,  AND  6  FLANGE  CONNECTIONS.  THE  EXTENT  TO  WHXCHTHIS  JttY 
BE  ACCOMPLISHED  WILL  DEPEND  UPON  THE  ACCEPTABILITY  OF  THE  AAROFT  SKARGSHElfT  AND/OR 
COVTSACTXON  wftFPGf  LOfg»*  NHICH  RESULT.  WHERE  THE  DUCT  SIEE  AND  THE  COAMING  SIZE 

»  KKOXTO  » *f  T*4”Ld 

mtn ttNwwMiAiwTim  m  rtfuirp  WPE  1  QR  4*  THIS  MTTr^r  AIiLOGI  THB  USB  TXPB5  *i  3»  AHv 

SSiSrSSfwr^  m  coaming  aSbdtransforhation,,  and  will  also  depend 
upcn^acSmSity  of  the  resultant  abrupt  ENERGY  LOSSES. 


THE  LETTER  *C*  HAS  BEEN  ASSIGNED  TO  lEPTO^  WHEMj  ^  PESlOiER  MUST  LEAVE  AJWHANCBS 

assgs.'srffSi 

S^Iow»C*«mSS«S  WPE  cowacwgw.  rm pHttMio«  wkcb  ant 

ALLOW  FOR  WILL  .EQUAL  THE  COMBINATION  OF  ANY  OF  THE  TWO  TYPES  SELECTED  FOR  THB  TOTAL 
CONNECTION. 

EXAMPLE! 

TOTAL  CONNECTION  -  TYPE  X  CONNECTION  MATED  TO  TYPE  4  CONNECTION 
TOTAL  ALLOWANCE  -  1/4"  +  l-X/4"  -  l-X/2" 

THE  FOLLOWING  TABLE  INDICATES  THE  TOTAL  IN-LINE  ALLOWANCE  WHICH  MUST  BE  PROVIDED 
FOR  BY  THE  DESIGNER  FOR  ALL  OF  TEE  VARIOUS  CONNECTION  TYPES  ANPOMBMQWnECiil  WHICH 
MAY  OCCUR.  ALL  DIMENSIONS  GIVEN  ARE  IN  INCHES.  A  ZERO  1WTRY  INDICATES  IJAT  TOE^ 

CONNECTION  COMBINATION  IS  >«8W  **»  «**  ”g  J^SS^sSl^^a^'pjffiFS^CES 
ENTRY  INDICATES  THAT  THE  CONinBCTtON  ■  COMBINATION  IS  NOT  POSSIBUS.  SBUr  FBBFHBEWCEg  - 
MUST  BE  ESTABLISHED  PRIOR  TO  UTILISING  ANY  OF  THE  TRANSVERSE  CONNECTION  TYPES. 


(COMTD  OH  «SU  «5) 


> 

E 


KOTOS  (CONT'D) 

13.  TYPE  12  CONNECTION  (LATCH  TYPE) 

tatma  TJTILIZING  EITHER  OF  TBS  LATCH  TOPE  CONNECTION  DESIGNS ,  CARE  HOST  J® 

Sgg^gikflg  gMmSiJS  %  %  SSB^aZAST?..  _ 

14.  DESIGN  guidance 

TBE  FOLLOWING  RECOMMENDATIONS  ARB  HADE  IK  ORDER  THAT  TOE  TOTILATIOW  SYSTEM  DESIGN 
MINIMIZE  FABRICATION  AND  IHSTALLATIOK  COSTS  WHEREVER  POSSIBLE. 

A  -  EVERY  ATTEMPT  SBOTOP  B1  NAD®  TO  UTILIZE  THE  "STANDARD  SIZES"  AND 
A  -  E¥OT  HEREIN  TO  MINIHIZE  THE  REQUIREMENT 


FOR  SPECIAL  FITTINGS. 

B  -  "ftp™  PRESSURE  DROP  CONSIDERATIONS  PERMIT.  TBE  USE  OF  TRANSFORMATIONS 
SHOULD  BE  MINIMISED  AS  FOLLOWS: 

-  USE  FLANGE  TYPES  1,  3,  4  AND  6  IB  LIED  OF  FLANGE  TYPES  2,  5  AND  7, 
TO  REDUCE  TOE  REQUIREMENT  FOR  TRANSFORMATION  TYPES  2  AND  5. 

-  POSSIBLE.  COAMING  CROSS-SECTIONAL  DIMENSIONS  SHOULD  BE  THE 
SAME  ASTHE  CONNECTING  DUCT  DIMENSIONS  SO  THAT  THE  ABOVE  MAY  BE 
ACCOMPLISHED  WITHOUT  TRANSFORMATION. 

_  ogre  duct  SIZE  SB08LD  BE  UTILIZED  AS  MUCH  AS  POSSIBLE  ON  ANY 
PJ^C^  OTCT  ROT  TO  REDUCE  TOE  NECESSITY  OF  TRANSFORMATIONS. 

r  -  Hunts  PRESSURE  DROP  CONSIDERATIONS  PERMIT.  TOE  USE  OF  AS  MANY  COT- 

c  USSgrrSrtg  »»  nS^»Wisus*rro»  cm xyuergmn 

mtt.t.  JOMDtlZE  PATTERN  DEVELOPMENT.  AND  TOE  FABRICATION  OF  MORE  COT- 


D  -  WHERE  PRESSURE  DROP  CONSIDERATIONS  PERMIT,  BRANCH  TAKE-OFFS  SHOULD  BE 
UTILIZED  IK  LIEU  OF  DUCT  SPLITS. 

15.  CTBSSOIIB  OKOP  LOSSES  -  MCOHMgMMtD  M1»  SOtWgSi 

O.S.  NAVY  DESIGN  DATA  SHEET  DOS  512-1 

•  ELBOW  TYPES  1.  2  AND  3*  AND  OFFSET  TYPES  1  AND  2. 

•  CONVERGING  AND  DIVERGING  r~ 

•  MAIN  LOSS  DUE  TO  BRANCH  r 

WITO  THE  FOLLOWING  r 

ON  DISCHARGE  SIDS  OF  FAN 
LOSS  -  NAVY  LOSS  X  (,„  „tw 


(MAIN  SIZE  CHANGING) 


OF  TAkE^a^ 


■) 


(COMTD  OH  W) 


mb 


MOTES  (COST’D) 

15.  (COMT*D) 

“rTv.'S,9'. Tu» m .  uu-u.) 

•“■vasTS'-s's. %%%%£?« 

TAXE-OIT  OK  DISCHARGES^  OFJPAII. 

so  perm*  of  mum  Am  ohantot  downstream  of 
TAKE-OFF  ON  SOCtZOK  SIDE  OF  FAN. 

U*  S-‘ smAIC^ DOCT^R^lOK  LOSS'S. 

FOR  ASPECT  RATIO  AS  GIVSH  THEREIN. 

:J55  JoS^  w^i«JrSJ^(oowtMn  HAH.  sirs)  oh  soctioh  side  or  fan. 

S&  sire,  oh  discharge  side  or  fan. 

is  COMPONENTS  SHOWN  HEREIN  HAVE  BEER  ASSIGNED  "APPLICABUtilV  RATINGS , -  AS  rOEtCWS. 

55?5B5cSm»5mm«  a™2‘™£^£,eT™n 

Sgrg^fSw^BS^ME^SSSi  «*  »»  •«  « 0Ivra  »  «* 

COMBINATION. 


STRAIGHT  DOCT 
TYPES  1  TO  4  ELBOWS 
TYPES  I  AMD  2  OFFSETS 
TYPES  I  TO  6  TRANSFORMATIONS 


TYPES  I  TO  10  BRANCH  TAKE-OFFS 


U  ga  OR  THICKER 


16  ga  OR  20  ga 


U  ga  OR  THICKER r  KITH  THE 
BRANCH  AND  MAIN  WELDED 
TOGETHER 


16  ga  OR  20  ga 


WATERTIGHT 
CLASS  A  FIRE  PRO¬ 
TECTION 
RAT  PROOP 


NON -WATERTIGHT 
CLASS  B  FIRE  PRO¬ 
TECTION 
RAT  PROOF 


WATERTIGHT 
CLASS  A  FIRE  PRO¬ 
TECTION 
RAT  PROOF 

SON-WATERTIGHT 
CLASS  B  FIRE  PRO¬ 
TECTION 
RAT  PROOF 


(COHTD  ON  SHV2.) 
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r°i 


/  A  I 

I  I  |5,|X-TR 


us 

UsiJ 

*—52 — n 


(OWAKTER-THRfeS  KdiUS) 

NUMBER  OF  SPUTTERS  «  O  OR  3 
TR-W/4  MINIMUM'  W*8* 

k  (without  smntR**>i5*5o;^;wys,  50. 
k$flTW  SPUTTERS>45*,«r,TS*,90? 
PREFERRED  03A6E  » 

WHERE  SPACE  AMO  PRESSURE-DROP 
CONSIDERATIONS  REOUlRE.SEE 
NOTE  5  ,  OR  REF  I.  FOR  SR-ITTEF 
RADII  SI,  S2,  ANO  S3. 


(HALF-THROAT  RADIUS) 

NUMBER  OF  SPUTTERS  *  O  OR  2. 
TR8  W/2  MINIMUM  W=  4"  HR?W+TR. 
AWmHOW  SPVWTERS>^30r,45:foO;T5;9Cf. 
A  (WITH  SPUTTERS)  *  30*  45*  60* ,  75*  SO*. 


WHERE  SPACE  AND  PRESSURE  -  WOP 
CONSIDERATIONS  REQUIRE.  SEE 


RAOtl  SI  AND  Si. 


OR  REF  I,  FOR  SPUTTER 


TYPE  I  ELBOW' 
CFUU -THROAT  RADIUS) 
NUMBER  OF  SPLITTERS  *  O 
TR*  W  HR=  W+TR 
A*  15^0 ?,4**<*Oa,  15“  90*. 
PREFERRED  OSAAE  * 


IN  ALL  CASES  WHERE  SPACE  AND 
I  PRESSURE  -  DROP  CONS  IOERATI ONS 
ALLOW. 


NATIONAI  SHIf SUUDIHO  UlSSAiCH  PROGRAM 


REC  TANCUIAR  OUCT  STANOAiOS 


»  ODD  •»  A  WIMO  MO. 


ri 


|*—  D  — *j 


M-  -irc  rD~\ 


f /r  } 
1 1  /*"  ! 

TO 


ITT 

7  H 


-'HA'-F  "'A^OKT  RADII) 

K  JVB6R  Of  SPUTTERS  =  O  OR 2.  TR  *  W/f . 

MIS  W  :  4  ;  X  .CENTERUNE  OPFSET  IN  ONE-WCH 

wcREMers  opto2w  vw.  min  A  (wriwur 

SPUTTERS)'  ft*.  MIN  A  ^wrru  SDUTTEPS)  *  30  . 

L  *  J(4w-x)y? 


rrn:  r  e,  rsrsci/  vwnqi.  r 

WHERE  OFFSET  IS  DESIRED  AND  SPACE  A/AIIA0ILHY 
WE5  NOT  PERMIT  FUU.- THP  OAT  ELBOWS, 
see  note  t  for  limitations,  see 
NOTE  5  .  OR  REF  I ,  FOR  SPLITTER 
RADII  Si  AND  S2. 


(FULL -THROAT  RADII) 

NUMBER  OF  SPLITTER  S  *  O.  TR*W. 

X 1  CENTERLINE  OFFSET  IN  ONE -INCH 
INCREMENTS  OP  TO  SW  MAX.  MINIMUM 
A*  15?  L*  J&W-X'IX1 


(VANED) 

DOUBLE  WALL  VANES.VANE  9PACIN6«2". 
H«  W+4“  ,  ANSLE  Of  TURN  *.  SO*  ONLY. 
MINIMUM  W  »  4*.  MINIMUM  0  51 4? 


IN  ALL  CASES  WHERE  OFFSET  IS  REQUIRED 
AND  5PACET  AVAILABILITY  PERMITS  FULL- 
THROAT  ELBOWS. 

SEE  NOTE  7  FOR  LIMITATIONS. 


ONLY  WHERE  STABILIZATION  OF  AW 
FLOW  DOWNSTREAM  OF  TURN  IS  ft 
SEE  NOTE  <o  FOR  VANE  INFORMATION 
AND  LIMITATIONS. 


NATIONAl  SHIPftUllOING  RESEARCH  PROGRAM 


RECTANGULAR  DUCT  STANDARDS 


mss 


IQS 


4966-SK-0O6 


31 


A- 18 


IN  ALL  CASES  WHERE 
TRANSFORMATION  IS  REQUIRED 
BETWEEN  RECTANGULAR  COMPONENTS. 
SEE  NOTE  S  FOR  LIMITATIONS. 


NATIONAL  SHIMUIIDING  MSIAUCH  PtOOKAM 


RECTANGULAR  DUCT  STANDARDS 

QQ 

MMA»  t^Ntl 

te»R  mawino  no. 

CD 

a 

2-36233 

4966-SK-OOO 

□ 

«m«  NONE 

..M.  KIONI 


A-20 


TYPE  3  BRANCH  TAKE-OFF 

RECT  BRANCH  -  FLARED 
RECT  MAIM  (CONSTANT  SIZE; 
TAKE  -OFF  ANGLE  “'30°  . 

W2=l.rwi  L=.5WI  (Z  5“MW) 

SEE  MOTE.  °>  FOR 
FURTHER  INTO. 


TYPE  1  BRANCH  TAKE- PC F  TYPE  1  BRANCH  TAKE-OFF 

ROUND  BRANCH  RECT  BRANCH 

RECT  MAIN  (CONSTANT  SIZE)  RECT  MAIN  (CONSTANT  SIZE) 

TAKE  -OFF  ANGLE  *  90°  TAKE  -  OFF  ANGLE  *90° 

SEE  ROUND  DUCT  STANDARDS  SEE  NOTE.  °i  FOR 

FOR  OMEN  SIGNS  C  AND  L. .  FURTHER  INFO. 

SEE  NOTE  °>  FOR  _ _ _ 

FURTHER  INFO.  NMIOWAl  tHIMUliPIHQ  tlStAUCH  MOO«AM 


TYPE  a  BRANCH  TAKE-OFF 


ROUND  BRANCH 

RECT  MAIN  (CONSTANT  SIZE) 

TAKE-OFF  ANGLE  =45° 

SEE  ROUND  DUCT  STANDARDS 
FOR  DIMENSIONS  C  ANDL. 

SEE  NOTE  FOR 
FURTHER  INFO- 


A-22 


X 


TYPE  5  BRANCH  TAKE-OFF 
RECT  BRANCH 

RECT  MAIN  (CONSTANT  SIZE) 
TAKE-OFF  ANCLE  -  AS* 


ROUND  BRANCH  (FLARED) 

RECT  MAIN  (CONSTANT  SIZE) 
TAKE-OFF  ANGLE  =  SO° 

SEE  ROUND  DUCT  STANDARDS 
FOR  DIMENSIONS  C.L.AND  DtA  1. 


SEE  ROTE  B  FOR  FURTHER  INFO- 

NATIONAL  SHIMUUOINO  »MIA»CH  MOOUM 


RECTANGULAR  DUCT  STANDARDS 


rrm 

□ 

M A*  Aft  CONH 

2-36233 

_ 

4966-SK-006 

no 

■ 

IBBQKBmaH 

1  _ 1 

mmmm 

SEE  NOTE  «B  FOR 
FURTHER  INFO/ 


T VPE  9  BRA.K1CH  TAKE-OFF 
RECT  BRANCM 

RECT  MWU  (TRANSFORMING) 
TAKE  -  OFF  ANGLE  =45®  ' 


TYPE  6  BRANCH  TAKE-OFF 
ROUND  BRANCH 

RECT  MAIN  (TRANSFORMING) 
TAKE-  OFF  ANGLE  *  90* 


TYPE  7  BRANCH  TAKE-OFF 

DC/*t  ttPKttrti 

RECT  MAIM  (TRANSFORMING) 
TAKE-OFF  ANGLE  *SO' 


SEE  NOTE.  5  FOR 
FURTHER  INFO. 


SEE  ROUND  DUCT  STANDARDS 
FOR  DIMENSIONS  C  AND  L. 


SEE  MOTE  FOR 
FURTHER  IHFO. 


[NATION*i  SHIftUUDIMO  UtMADCt)  MOO«AM| 


MCTANGUIAR  DUCT  STANOAftOS 


52 

GDD3 

□ 

2-36233 

HBSBE3B 

KXh 

■ 

-IJLL.L.1. 1  HE 

cmjKESMm 

i— m—  frmnrzm 

a 

SEE  MOTE  5  For 
FURTHER  IMFO. 


lU*- 


A-24 


DtMERSVOMStWHOLE.  IMCWES 
OHLY  -  MO  FWAOTtOM<=>). 


CLEAR AKCE  FOR  OME-IMCM  UP  REQUIRED 
OMLY  FOR  WIRE  MESV4  IUSTALLATIOM  # 


S EE  ROOM?  DUCT  STANDARDS  FDR 
DIMENSIONS  C  AND  L. 

SEE  MOTE  *9  FOR  FURTHER  IMFO. 


NATIONAL  SNIMUUDING  Ri  SC  ARCH  MOORAM 


RECTANOUIAR  OUCT  STANDARDS 


4966-5K-006 


2-36233 

W5M~ 


^1-1/4" 


TYPE  6  TRANSVERSE  CONNECTION 
'  ^FLANGED  TYPE) 

FOR  INSTALLATION  ON  NON-WATERTISMT 
COMP  WE  MTS  NOT  REQUIRED  TO  MEET  CLASS 
•A'  FIRE  PROTECTION  REQUIREMENTS. 

PREFERRED  USAGE' 


TOR  CONNECTION  TO  EQUIPMENT  AMO  TO 

JXE65  'AM*10  mot  to  be 

USED  WHERE  CONNECTED  COMPONENTS 
WILL  BE  SUBJECT  TO  TENSILE  STRESS 
DURUM*  OR  AFTER  IMSTALLATION.  UTILISATION 
OF  THIS  TYPE  IS  SHOP  DECISION. 


FLANGED  TYPE) 

FOR  INSTALLATION  ON  NON- WATERTIGHT 
COMPONENTS  WITH  RADIUS  CORNERS  MOT 

!S8S!^JPJ&EET  cuss  F,Re  protection 

UlREMEWTS, 

PRgPERREQ  USA6C  t 

ONLY  WHEM  CONNECTING  TO  FLANGE  TYPE  4 . 
U6E  SHALL  BE  MINIMIZED  IN  FAVOR  OF  FLANGE 
TYPES  O  A  OR  G,  WHERE  PRESSURE  DROP 
CONSIDERATIONS  ALLOW. 


(FLANGED  TYRE) 

FOR  INSTALLATION  ON  NON- WATERTIGHT 
COMPONENTS  NOT  REQUIRED  TO  MEET  CLASS 
'A.  FIRE  PROTECTION  REQUIREMENTS  . 


TOR  CONNECTION  TO  EQUIPMENT.  AND  TO 
FLANGE  TYPES  1,3,4,  AND  6.  * 


national  shirruudino  use  arch  program 


RECTANGULAR  DUCT  STANDARDS 


inmi 


2*36333 


4966-SK-006 


«««  MOM 


BX 


TYPE  7  TRAMSVERSE  CONNCCTIOU 
(  FL  AN6ED 'TYPE) 

WRJNSTMA.^'TW  ON  MOM-WATERTI<SKT 
COMPONENTS  WnM  RAOlUS  COWERS  MOT  REQUIRED 
TO  MEET  CLASS  N  TOE  PROTECTION 
REQUIREMENTS. 

£ *  ONLY  WHEN  CONNECTING  TO 


FLANK  WE  4.  MOTTO  BE USEO  WHERE  CONNECTED 
COMPONENTS  WILL  BE  SUBJECT  TO  TENSILE 
STRESS  DURING  OR  AFTER  IMST  ALL  ATKIN  • 
UTILIZATION  OF  THIS  TYPE  IS  SWOP  DECISION. 


|N  AT  ION  At  SHIPSUHDINO  RIStARCH  HOOIAlJ 


RfCTANGUlAR  DUCT  STANDARDS 


JJUH 

pm| 

□ 

4966-9K-006 

US 

■ 

I  tC All 

NONE 

|.h««»21o»; 

■ 

A-27 


.-REINFORCING  LEG  (IF  REO'D) 


C'tf'FOR  — 

sto  ke  are 


i — »  I  *— * 

|  [.  - lift 

- 1  Lei  1/2*  FOR 


Ci  1/2*  FOR 
CATCH  SIDE 


rW0  LATCHES  OM 
SMAU.6R  SlOE 


opposite 

TYPE  n  TRANSVERSE  CONNECTION 
(NON-fLANGED, LATCH  TYPE -BASIC! 

FOR  CONNECTION  OF  NON-WATERTKSHT  OOWOHeMTS 
NOT  REWIRED  TO  MEET  CLASS  'A*  FIRE  PROTECTION 
REQUIREMENTS. 

PREFERRED  USAGE  » 


^latches  ounces 

OF  GREATEST  CROSS - 
SECTIONAL  DIMENSION. 


WHERE  USE  OF  FLAN6E  TYPES  A-  OR  <4  IS  MOT 
NECESSARY.  CHOICE.  BETWEEN  THIS  TYPE  AND 
TYPES  9.10,11  AMD  11  (ALTERNATE)  IS  SHOP 
DECISION.  SEE  NOTE.  IS  FOR  LIMITATIONS. 


S-GUP  (SHOWN  WITHOUT 
REINFORCING  LEG) 


DRIVE-SUP  CLEAT  (TYPE  10) 

WITH  LOCKING  TABS -ON  SIDES 
OF  SMALLEST  CROSS-SECTIONAL 
DIMENSION. 


TYPE  II  TRANSVERSE  CONNECTION 


WHERE  USE  OF  FlAMGE  TYPES  A  OR  &  IS  WOT 
NECESSARY.  CHOICE  BETWEEN  THIS  TYPE  AND 
TYPES  »,IO,ANP  II  IS  SHOP  DECISION, 
REIMPORTING  LEG  ONLY  NECESSARY  WHERE  DUCT 
REINFORCEMENT  (STIFFENING)  IS  REQUIRED. 


TYPE  10  TRANSVERSE  .CONNECTION 


(MON-FLANGED ,  DRIVE-SUP) 

FOR  CONNECTION  OF  NON- WATERTIGHT  COMPONENTS 
NOT  REQUIRED  TO  MKT  CLASS*  FIRE  PROTECTION 
RBQMRCMBNTS. 

PREFERRED  USAGE  «  WERE  USE  OF  FLANGE  TYPES 
4  OR  ft  IS  NOT  NECESSARY.  CHOICE  BETWEEN 
THIS  TYPE  AMD  TYPES  9, II, AND  ll  IS  SHOP 
■  DECISION. 

NATIONAL  SHtr  milPtNO  M  St  AtCH  f  KOGiAM 
KECTANGUiAK  DUCT  STANDARDS 


SC  All  NO 


1NH  iflflpf 


-4>—  ~4~*- 


h — MT? — - 

I  HaH 


r  N  a1  : 

i  f?=^  a  i 


h-MM-s 

!  pr-4-  '  f 

|  °l  !•  !  Bn" 

i 


f  V'M-M 

^<§5#! 

M'MM —  1^->1 


3"  MIN  J 

Type.  %  access  cover 

foUICK  ACT'N6  ,FLAT-OVAL, NON- WATERTIGHT) 

TOR  INSTALLATION  ON  NOW -WATERTIGHT 
COMPONENTS  NOT  REQUIRED  TO  MEET  CLASS 
•A'  FIRE  PROTECTION  REQUIREMENTS.  AVMLA 
WITH  OR  WITHOUT  THERMAL  INSULATION. 


J- 


4 I— l/2"(MIN 


7 

.  r-;J 


SEMENTS.  AVAILABLE 
INSULATION. 


TYPE  I  ACCESS  COVER 
(BOLTED  -WATERTIGHT  AMD  MOM  -WATERTIGHT  ) 

FOR  INSTALLATION  ON  COMPONEUTS  WHERE  TYPE  1 
ACCESS  COVER  IS  NOT  DESIRED, 

THE  SMALLEST  ACCESS  HOLE  DIMENSIONS  (A  AMD 
ARE  +"  X  G-VE" .  THEREAFTER  EITHER  OR  BOTH 
MAY  BE  INCREASED  BY  <MM*  INCREMENTS 


■?7,A-.«-M=g.||  1 1  I  ■■  |  II  ■  I,  I  —| 


X7  FLAT-OVAL 


7X9  FLAT-OVAL 


6X8  FLAT- OVAL 


3,  (N0N-FLAN6S), LATCH  TYlfc-ALILVtNATE) 

PREFtRKEP  USAS Et 


WWW  USE  OF  RAttSS  TYPES  4 OR©  bnotmbc 
cwm  enwau  w  tvps  and  types  Qjo.fi,  and 

It  (SASIC)  &  SHOP  DECISION.  *5  EE  MOTE  13 
FOR  UMftKnONS, 


NAIIQNAt  SHIPBUILDING  RESEARCH  PROGRAM! 


JS — s. 


I' 


v IV- 

w  I  I 

Lt1-- 

•w^-BELLMOUTH 
TERMINAL 


TYPE  3  WIRE  MESH  SCREENING 
(BELL MOUTH  TERMINAL*) 

D  AMD  W  ARE  TERMINAL  OPENING 
DIMENSIONS 


x 


TYPE  'l  WIRE  MESH  SCREENING! 
(CONE  TERMINAL1) 

D  AND  W  ARE  TERMINAL  OPENING 
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APPENDIX  B 


SAMPLE  CONSTRUCTION  DRAWINGS 

This  appendix  contains  representative  sheets  from  the  Rectangular  Duct  Stan¬ 
dards  Construction  and  Fabrication  Drawing.  All  information  necessary  for  a  sheet 
metal  shop  to  fabricate  the  standard  vent  duct  components  is  incorporated. 

The  complete  Fabrication  Drawing  is  available  to  U.S.  shipbuilders  from: 

R&D  Program  Manager 
Todd  Shipyards  Corporation 
Seattle  Division 
P.  O.  Box  3806 
Seattle,  WA  98124 

To  others,  when  cataloged,  the  Drawing  may  be  obtained  from: 

National  Technical  information  Service 
5283  Port  Royal  Road 
Springfield,  VA  22161 

Any  proposals  for  significant  modifications  should  be  addressed  to  the  Todd 
R&D  Program  Manager. 
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APPENDIX  C 


SAMPLE  TABLES  FOR  MATERIAL  QUANTITIES  AND  DIMENSIONS 

Representative  computer  tabulations  of  material  quantities  and  dimensions  are 
contained  in  this  Appendix.  Also  included  is  a  sample  of  a  computer  program  used  to 
generate  the  tabulations. 

Copies  of  the  complete  tabulations  and/or  programs  are  available  to  U.S. 
shipbuilders  from: 

R&D  Program  Manager 
Todd  Shipyards  Corporation 
Seattle  Division 
P.  O.  Box  3806 
Seattle,  WA  98124 

Or.  when  cataloged,  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 

Any  proposals  for  significant  modifications  should  be  addressed  to  the  Todd 
R&D  Program  Manager. 

NOTE:  The  economically  advantageous  standard  sizes,  each  identified  with  an 
asterisk,  are  established  in  two-inch  increments  and  should  be  used  unless  there  is 
special  reason  to  do  otherwise.  The  information  presented  herein  is  in  one-inch 
increments  only  to  accommodate  special  needs. 
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APPROVAL 

DATE 

RECTANGULAR  DUCT  STANDARDS 

DIMENSIONAL  CRITERIA.  AMO  MATERIAL  QUANTITIES 

IN  SUPPORT  OF  RECTANGULAR  DUCT  STANDARDS 
-  CONSTRUCTION  AND  FABRICATION 
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PUS 
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TODD  DRAWING  NO. 
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1  REV 

TITLE  SHEET  i  IOG1  D«A  SHEETS  | 

c-i 


**  -  MATERIAL  IS  NET  AMO  IKIES  NOT  INCLUDE  ALLOWANCE  FOR 
LONGITUDINAL  CORNER  SEANS.  IF  THESE  ARE  PRESENT* 
ADO  .IS  SQ  FT  PER  LINEAR  FOOT  FOR  EACH  SUCH  SEAM. 
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ELBOWS  -  TYPES  I*  2*  3*  AND  4 


TYPE  I  ELBOW 

TYPE  2  ELBOW 

TYPE  3  ELBOW 

TYPE  4 
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0.0 

30 
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NOTES  I-  ♦■STANDARD  SUE* 

2-  DIMENSIONAL  NOMENCLATURE  AGREES  WITH  THAT  USED  IN  RECTANGULAR  DUCT  STANDARDS  I CONSTRUCT ION  AND  FABRICATION). 

*3-  AREAS  I NET  MATERIAL  REDO  TO  FABRICATE  COMPONENT I  FOR  TYPES  1*2*3*AN0  4  ELBOWS  ASSUME  PITTSBURGH  TYPE  LONGITUDINAL 
CORNER  SEAMS. 

4-  SPLITTER  AREAS  INCLUDE  HEM  MATERIAL.*  WHERE  APPLICABLE. 

5-  ZERO  ENTRIES  INDICATE  NON-AVAILABILITY  OF  THE  FITTING  IN  THAT  SIZE  OR  ANGLE. 

6-  ALL  COMPONENT  LENGTHS  IU»HL*SLt*SL2aSL3l  ARE  GIVEN  IN  WHOLE  INCHES  AND  32NDS  OF  AN  INCH.  FOR  EXAMPLE*  A  LENGTH 
GIVEN  AS  6-5  MOULO  BE  6  AND  5/32  INCHES  LONG. 
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OFFSETS  -  TVFES  1  AND  2 
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4 

4 
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5-  2 
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0 

0 

0-  0 

0-  0 

0-  0 

0.0 

0-  0 
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0-  0 

3 

69. C 

5 

3 

5-  6 

2-  2 

6- 1C 
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0 

c 

0-  0 

0-  0 

0-  0 

0.0 

0-  0 
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0-  0 
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70. 9 

6 
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2-14 
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0-  0 

0-  0 

0-  0 

0.0 

0-  0 
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B-I5 

C.O 
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0-  0 
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NOTES  1-  ♦•STANDARD  W  DIMENSION. 

2-  CIMENSICNAL  NOMENCLATURE  AGREES  WITH  THAT  USED  IN  RECTANGULAR  DUCT  STANDARDS  (CONSTRUCTION  ANO  FABRICATION). 

3-  2ERC  ENTRIES  INC!  CAT  I  NON-  AVA I  LABILITY  OF  THE  FITTING  IN  THAT  SUE  OR  ANGLE. 

A-  ALL  CCHPONEWT  LENGTHS  (L,ULtWL»$LI »SL2)  ARE  GIVEN  IN  WHOLE  INCHES  AND  SENDS  OF  AN  INCH.  FOR  EX APPLE#  A  LENGTH 
GIVEN  AS  6-9  WOULD  BE  6  AND  5/32  INCHES  Lr%N6* 

5-  WHERE  THE  LARGEST  ANGLE  INDICATED  IS  LESS  THAN  90  DEGREES#  THE  CORRESPONDING  OFFSET  CHECK  IS  THE  LARGEST  THAT  CAN 
BE  CUI  (IN  ONE  PIECE)  FRO*  A  4  FOOT  NV  «  FCOT  SHEET  PETAL  BLANK* 

4-  AREAS  IPATER1AL  REQUIRE RENTS )  FOR  OFFSETS  ANO  SPLITTERS  NAY  BE  DETERMINED  BY  DOUBLING  THE  AREA  DATA  GIVEN  FOR 
90  DEGREE  ELBOWS  OF  THE  SANE  O.W.AHO  TR  01 PENSIONS  (FCUKO  ON  PAGES  13-813),  MULTIPLYING  THAT  GUANTITV  BY  THE 
ACTUAI  CFFSFT  ANGLE  INDICATED  ABOVE#  ANO  0IV1OING  THE  RESULT  BY  90. 
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ACCESS  COVERS  -  TYPE  t  -  MtTEO 


CPEMNG 

A 

UN) 

DIMENSIONS 

0 

UNI 

COVER 

6+2 

1  IN) 

DIMENSIONS 

842 

IIN) 

COVEN  MATERIAL 
RFCUI REPENTS 

iso  fti 

FASTENER 

QUANTITY 

ISETS) 

GASKET  MATERIAL 
REQUIREMENTS 
(LINEAR  FEET) 

FRAME  NATERIAL 
REQUIREMENTS 
(LINEAR  FEET) 

4.0 

6.5 

6.0 

8.5 

0.4 

10 

2.1 

2.1 

4.0 

9.0 

6.0 

11.0 

0.5 

12 

2.5 

2.5 

4.0 

li. 5 

6.0 

13.5 

0.6 

14 

2.9 

2.9 

6.5 

6.5 

8.5 

8.5 

0.5 

12 

2*5 

2.5 

6.5 

■9.0 

8.5 

11.0 

0.6 

14 

2.9 

2.9 

6.5 

11.* 

8.5 

13.5 

0.8 

16 

3.3 

3.3 

6.5 

14.* 

8.5 

16.0 

0.9 

18 

3*8 

3.8 

6.5  • 

16. « 

8.5 

18.5 

1.1 

20 

4.2 

4.2 

6.5 

15.0 

8.5 

21.0 

1.2 

22 

4.6 

4.6 

*  9.0 

9.0 

11.0 

11.0 

C.  8 

16 

3.3 

3.3 

9.0 

11.5 

11.0 

13.5 

1.0 

18 

3.8 

3.8 

9.C 

14.0 

11.0 

16.0 

1.2  a 

20 

4.2 

4.2 

9.0 

16.5 

11.0 

18.5 

1.4 

22 

4.6 

4.6 

9.C 

19.0 

11. C 

21. C 

1.6 

24 

5.0 

5.0 

9.C 

21.5 

11.3 

23.5 

1.8 

26 

5.4 

5.4 

9*0 

24.0 

11.0 

26.0 

2.0 

28 

5.8 

5.8 

NOMENCLATURE  AGREES  WITH  THAT  USED  IN  RECTANGULAR  DUCT  STANDARDS  (CONSTRUCTION  ANO  FADRICATIONt. 
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TRANSVERSE  CONNECTIONS  -  FLANGED 
t TYPES  1*?*3*4*$*6*AN0  71 


0 

UN) 

W 

UN) 

RC 

UN) 

FLANGE  MATERIAL 

FASTENERS 

RIVETS 

GASKET  MATERIAL 

TYPE 

1 

(LIN  FTI 

TYPE 

2 

ISO  FT) 

TYPE 

3 

ISO  FT) 

TYPE 

4 

(LIN  FT) 

TYPE 

5 

(LIN  FT) 

TYPE 

6 

(LIN  FT) 

TYPE 

7 

(SQ  FT) 

TYPES 

1 *3*4*6 
(SETS) 

TYPES 

2*5,7 

ISETS) 

TYPE 

4 

IOTY) 

TYPE 

5 

IOTY) 

TYPES 
1*3,4*6 
(LIN  FTI 

TYPES 
2,5,7 
ISO  FTI 

*  2 

4 

1 

1,6 

0,2 

0,2 

1.5 

1*1 

1.5 

0.2 

0 

6 

6 

5 

US 

0.1 

2 

5 

l 

1.0 

0,2 

0,2 

1.7 

1.3 

1.7 

0.2 

0 

6 

6 

6 

1.7 

0.2 

♦  2 

6 

t 

1,9 

0,2 

0,2 

1,9 

9.4 

1.9 

0.2 

10 

0 

0 

T 

1.9 

0.2 

2 

7 

1 

2,1 

0,2 

0,3 

2,0 

1.6 

2.0 

0.2 

10 

0 

0 

0 

2.0 

0.2 

•  2 

0 

1 

2,3 

0,2 

0,3 

2.2 

1.0 

2.2 

0.2 

12 

8 

10 

9 

2.2 

0.2 

3 

4 

1 

1,0 

0,2 

0.2 

1.7 

1.3 

1.7 

0.2 

0 

6 

6 

6 

1.7 

0.2 

3 

5 

1 

1,9 

0,2 

0,2 

1.9 

1.4 

1.9 

0.2 

0 

6 

6 

7 

1.9 

0.2 

3 

6 

l 

2,1 

0,2 

0.3 

2,0 

1.6 

2.0 

0.2 

10 

0 

0 

0 

2.0 

0.2 

3 

7 

1 

2,3 

0,2 

0.3 

2.2 

1.0 

2.2 

0.2 

10 

0 

0 

9 

2.2 

0.2 

3 

B 

1 

2,4 

0,3 

3.3 

2.4 

1.9 

2.4 

0.3 

12 

0 

IG 

10 

2.4 

0.2 

3 

9 

1 

2,6 

0,3 

0.3 

2,5 

P.l 

2.5 

0.3 

12 

0 

10 

II 

2.5 

0.3 

3 

10 

1 

2,0 

0,3 

0,4 

2.7 

2.3 

2.7 

0.3 

12 

10 

12 

12 

2.7 

0.3 

3 

II 

1 

2,9 

0,3 

0.4 

2.9 

2.4 

2.9 

0.3 

12 

10 

12 

13 

2.9  , 

0.3 

♦  4 

4 

1 

1,9 

0,2 

0.2 

1.9 

1.4 

1.9 

0.2 

8 

8 

0 

7 

1.9 

0.2 

N0TE*  2-  OlHENSIOHM^MHEHCLATUftE  AGREES  KITH  THAT  USED  PI  RECTANGULAR  DUCT  STANOAMS  (CONSTRUCTION  ANO  FABRICATION!. 

3-  FLANGE  NAT  TRIAL  AND  RIVETS  AS  GIVEN  ABOVE  IS  THAT  MATERIAL  REQUIRED  TO  FABRICATE  ONE  SIDE  OF  THE  TOTAL  CONNECTION. 

4-  FASTENED*  AND  GASKET  MATERIAL  AS  GIVEN  ABOVE  IS  THAT  MATERIAL  REQUIREO  FOR  THE  TOTAL  CONNECTION  I CNF  TYPE  MATED  TO 
ANOTHER  TYPE!.  EACH  FASTENER  SET  INCLUDES  ONE  Ul  MACHINE  SCREW,  ANO  ONE  III  NUT,  GASKET  MATERIAL  FOR  TYPES  1*3*4* 
ANO  A  ASSUMES  GASKET  CUT  FROM  1-1/1  INCH  NIUE  STRIPS*  ANO  PROPERLY  SEALED  AT  MATING  EOGCS. 

5-  RC  VALUES  AS  GIVEN  ABOVE  ARE  THOSE  RADIUS  CORNER  DIMENSIONS  RECOMMENDED  FOR  THE  CORRESPONDING  OUCT  SUE*  ANO  ARE  IN 
AGREEMENT  WITH  THOSE  VALUES  INDICATED  IN  RECTANGULAR  DUCT  STANDAROS  I DESIGNERS  PAMPHLET I •  THE  RC  VALUES  APPLY  ONLY 
TO  TYPES  2*3*5* AMO  7,  WHERE  RC  VALUES  DIFFER  FROM  THOSE  GIVEN*  THE  REQUIRED  FASTENER  QUANTITIES  MAY  RE  CALCULATED 
FROM  THE  BOLT  LOCATION  DATA  GIVEN  IN  THE  CONSTRUCTION  AIN)  FABRICATION  DETAILS*  I HOWEVER*  FOR  THESE  CASES*  ALL 
INFORMATION  AS  GIVEN  ABOVE  NAY  BE  USED  FOR  MATERIAL  ESTIMATING*  WITHOUT  APPRECIABLE  ERROR,) 
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TRANSVERSE  CONNECTIONS  -  NON  FLANGED 
(TYPES  9*10,11, UftASIC,  AND  12ALTERNATE) 


TYPE  9 

i 

*—  j 

10 

TYPE 

~  5 

»-  i 

1 

TYPE  12BASIC 

TYPE 

12ALTERNATE 

0 

UN) 

W 

I1N) 

RIVETS 

ICTY) 

DRIVE-SLIP 
(LIN  FT) 

CLEATS 
(SO  FT) 

DRIVE-SLIP 
(UN  FT) 

CLEATS 
!$Q  FT) 

S-CLIPS 

(LIN  FT)  ISO  FT) 

RETAINING  CUPS 
(LIN  FT)  (SQ  FT) 

RIVETS 

IQTV) 

RETAINING  CLIPS 
(LIN  FT)  (SQ  FT) 

RIVETS 

IQTV) 

*  2 

4 

6 

1*4 

0*2 

0.7 

0.1 

0.0 

0.2 

1.0 

0.2 

6 

1.0 

0.3 

6 

2 

5 

6 

1*5 

0*3 

0.7 

0.1 

0.8 

0.2 

1.1 

0.2 

10 

1.1 

0.3 

6 

*  2 

6 

8 

1*7 

0*3 

0.7 

0.1 

i.o 

0.3 

1.3 

0.2 

10 

1.3 

0.4 

6 

2 

T 

6 

1*9 

0.3 

0.7 

0.1 

1.1 

0.3 

1.5 

0.3 

10 

1.5 

0.4 

6 

*  2 

8 

10 

2*0 

0.4 

0.7 

0.1 

1.3 

0.4 

1.0 

0.3 

10 

1.6 

0.5 

6 

3 

4 

6 

1*5 

0.3 

0.8 

0.2 

0.6 

0.2 

1.1 

0.2 

6 

1.1 

0.3 

6 

5  * 

l  6 

1*7 

0.3 

0.8 

0.2 

0.8 

0.2 

1.3 

0.2 

10 

1.3 

0.4 

6 

3 

6 

8 

1.9 

0.3 

0.8 

0.2 

1.0 

0*3 

US 

0.3 

10 

1.5 

0.4 

6 

7 

8 

2*0 

0.4 

0.8 

0.2 

1*1 

0.3 

1.0 

0.3 

10 

1*6 

0.5 

6 

3 

8 

10 

2*2 

0*4 

0*8 

0.2 

1.1 

0.4 

1.8 

0.3 

10 

i.o 

0.3 

6 

3 

9 

10 

2.4 

0.4 

0.8 

0.2 

1.9 

0.4 

2.0 

0.4 

10 

2.0 

0.  6 

6 

3 

10 

12 

2.3 

0.5 

0.8 

0.2 

1.6 

.  0.4 

2.1 

0.4 

14 

2.1 

0.6 

10 

3 

II 

12 

2*7 

0.5 

0.8 

0.2 

1.8 

o.s 

2.3 

0.4 

14 

2.3 

0.7 

10 

•  4 

4 

8 

1.7 

0*3 

1.0 

0.2 

0*8 

0.2 

1.3 

0.2 

8 

1*3 

0.4 

6 

4 

5 

8 

1*9 

0.3 

1.0 

0.2 

0.0 

0.2 

1.5 

0.3 

12 

1.3 

0.4 

6 

•  4 

6 

10 

2*0 

0.4 

1.0 

0.2 

1.0 

0.3 

1.6 

0.3 

12 

li6 

0.3 
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NOTES 


1-  *• STANDARD  SIZE* 

t  KWVKKB!  SSS.'i.’SI  S’S,Si!S0ffi,,5f'!rSSi-,”5.'a!i  SSSR»».  m  Mu, 

riftr^r  JCtJIFORCINC  LEG*  IF  REINFORCING  LEGS  ARE  REQUIRED*  ADD  *2  SO  FT  TO  THE  QUANTITY  SHOWN  FOR  EACH  LINEAR 

rUOT  Ur  S*Vllr« 


WIRE  M ESH  SCREENING 
(TYRES  l»2»3«4«AN0  S) 

TYPE  2  TYRE  3 


0  W  FRAME  SCREEN  FASTENERS 
UNI  (INI  (LIN  f  Tl  (SO  FT  I  ISETSI 


FRAME  SCREEN  FASTENERS 
(UN  Ft!  (SO  FT!  ISETSI 


FRAME  SCREEN  FASTENERS 
(LINJTI  (SO  FTI  (SETS! 


TYRE  5 


RC  FRAME  SCREEN 
(INI  (LIN  FTI  (SO  FTI 


FASTENERS  (SETS! 
EXR  NOT  EXP 


2  4 

2  5 

2  6 

2  7 

2  H 

3  4 

3  S 

3  6 

3  7 

3  8 

3  9 

3  10 

3  II 

4  4 

4  5 

NOTES 


1.3 

0.1 

2 

0.3 

1.5 

0.2 

2 

1.5 

1.7 

0.2 

4 

1.7 

1 .  fl 

0.2 

4 

1.8 

2.C 

0.3 

4 

2.1) 

1.3 

0.2 

4 

1*5 

1.7 

0.2 

4 

1.7 

1.8 

0.3 

6 

1.8 

2.C 

C  •  3 

6 

2.0 

2.2 

0.3 

6 

2.2 

2.3 

0.4 

6 

2.3 

2.5 

0.4 

6 

2.5 

2.7 

C.4 

6 

2.7 

1.7 

0.2 

4 

1.7 

1.6 

0.3 

4 

1.8 

C.O  0  0.0  0*0 

0.2  2  0*0  '  0.0 

0*2  4  0.0  0.0 

0*2  4  0.0  0.0 

0.3  4  0*0  0.0 

0.2  4  0.0  0*0 

0.2  4  0.0  0.0 

0.3  6  0.0  0.0 

0.3  6  0.0  0.0 

0*3  6  O.P  0.0 

0*4  6  0.0  0.0 

0.4  4  0.0  0.0 

0.4  6  0.0  0.0 

C.2  4  0.0  0.0 

0.3  4  0.0  0.0 


0 

0 

0.0 

0.0 

0 

0 

0 

0 

0.0 

0*0 

0 

0 

0 

0 

0*0 

0.0 

0 

0 

0 

0 

0*0 

0.0 

0 

0 

0 

0 

0.0 

0.0 

0 

0 

0 

1 

0.8 

0*1 

4 

4 

0 

1 

1.0 

0*2 

4 

4 

0 

1 

1.1 

0.2 

4 

4 

0 

1 

1.3 

0.2 

4 

4 

e 

I 

l.S 

0*3 

4 

4 

0 

1 

1.6 

0*3 

4 

4 

0 

1 

1*8 

0*3 

4 

»v 

0 

1 

2.0 

0.3 

a 

6 

% 

0 

1 

1*0 

0*2 

4 

0 

1 

1*1 

0*2 

4 

4 
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0001 

REAL  OltWlt A 

0002 

INTEGER  0,W,C,C1,SSD, S$W,X» WHAX.T3P 

000) 

TOP-O 

0004 

SSD-I 

0005 

SSU-t 

0006 

X-0 

0007 

Cl-0 

0008 

C-i 

0009 

0*2 

0010 

U-0 

0011 

01-0. 

0012 

Wl-O. 

001? 

UMAX-0 

0014 

1 

IFID.EQ.21G0  TO  2 

0015 

IFID.EO.SIGO  TO  3 

0016 

IFI0.EQ.41G0  TO  4 

0017 

IF IO.LT.19IGO  TO  5 

0018 

IF10.EQ.191G0  TO  6 

0019 

UMAX-24 

0020 

7 

H-0 

0021 

8 

01-0 

0022 

Ui-W 

0023 

9 

IF tTOP.EQ.OIGO  TO  10 

0024 

GO  TO  11 

0025 

2 

UMAX-6 

0026 

12 

U-4 

0027 

GO  TO  8 

0028 

3 

UMAX-11 

0029 

GO  TO  12 

0030 

4 

UMAX- 14 

0031 

GO  TO  7 

0032 

5 

UMAX-340 

0033 

GO  TO  7 

0034 

6 

UMAX-54 

0035 

GO  TO  7 

0036 

10 

URITEI3« 1121 

0037 

112 

FORMAT I ////////26X# 13HSTRAIGHT  DU2T/23X, 19HI*  *  STANDARD  SI2E1//31 

lX»17HNATERf Ai  REGUl RED/ 16X, 5HD  DIM,2X,5HH  DIM.2X,  19HPER  ONE  LINEAR 

Z  FOOT/ 17X,4Ht INI, 3X,4M{ !NI,8X,9HtS0  FTI**1 

0038 

TOP-1 

0039 

It 

A-t0t«Htl/6. 

0040 

IF! ISSD.EQ.il .AND. ISSU.EQ.il IGO  T3  13 

0041 

URITEt 3, 141D,U»A 

0042 

14 

FORMAT I/18X, 12 ,5X, 12, 10X,F5.2! 

0043 

GO  TO  15 

0044 

l) 

URITE(3,1610,U«A 

0045 

16 

FORMAT  I /lQX* lit*,  5X,  12, 5X,  12, 10X,F5. 21 

0046 

15 

C1-C1M 

0047 

IF ( D.EQ.241G0  TO  17 

0048 

IFIC1 .EQ. 181G0  TO  18 

0049 

27 

IF IW.EQ.UNAX1G0  TO  19 

0050 

H-UM 

0051 

Wl-W 

0052 

tFISSW.EQ.llGO  TO  20 

C-9 


00$  FORTRAN 

0053 
00 5 A 
0055 
0056 
005? 

0058 

0059 

0060 

0061 

0062 

0063 

0064 

0065 

0066 

0067 

0068 

0069 

0070 

0071 

0072 

0073 

0074 

0075 

0076 

0077 

0078 

0079 


0080 

0081 

0082 
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SSH-l 
GO  TO  9 

20  SSW«0 
GO  TO  9 

19  0«0*1 

tFISSD.EQ. 1IG0  TO  21 

$50*1 

SSM-l 

GO  TO  1 

21  SSO-O 
GO  TO  1 

17  IFIC.EQ.11G0  TO  22 
GO  TO  100 

2?  X«1 

GO  TO  23 

18  IF1C.E0.UG0  TO  24 
C«1 

29  MRITEt  3*251 
24  FORMATUHl/) 


Cl-0 

IFIX.EO.O ICO  TO  26 
GO  TO  100 
26  TOP«0 
GO  TO  27 
24  C»0 

1ft  FORMAT  I /2X ! 55H+*  -  MATERIAL  IS  NET  A NO  OOES  NOT  INCLUOE  ALLOWANCE 
^*1F0R/7X«  48HLONGITU01NAL  CORNER  SEANS.  IF  THESE  ARF  PRESENT ,/TX*49HA 
200  .15  SQ  FT  PER  LINEAR  FOOT  FOR  EACH  SUCH  SEAN.! 

GO  TO  29 
109  CALL  EXIT 
END 
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APPENDIX  D 

RESEARCHER'S  UNDERSTANDING  OF  SHIPBUILDING  FUNCTIONS 

This  appendix  contains  a  functional  breakdown  of  the  tasks  necessary  to  design, 
produce,  install  and  test  a  typical  shipboard  HVAC  system.  All  cost  figures  are  in 
February  1976  dollars.  Careful  analysis  of  the  work-flow  described  in  this  Appendix 
will  reveal  the  specific  areas  that  are  impacted  upon  by  the  Rectangular  Vent  Duct 
Standards. 


Figure  04 


GENERAL  CRITERIA 

1 .  The  numbers  shown  in  Figure  D- 1  are  component  identification  numbers.  Figure 
D- 1  does  not  represent  a  typical  system  presently  installed  on  any  marine  design. 
Its  purpose  is  to  portray  many  of  the  various  rectangular  type  components  which 
preliminary  investigation  indicates  may  benefit  from  standardization  in  respect 
to  size,  fabrication  techniques,  materials  used,  etc. 

2.  Unless  otherwise  stated  in  the  component  description,  all  items  are  of  non- 
watertight  construction. 

3.  Various  existing  methods  .of  component  fabrication  have  been  indicated  for 
purposes  of  comparison  with  developed  standards. 

4.  Alt  non-welded  seams  and  joints  have  been  assumed  sealed  after  fabrication  with 
an  approved  joint  sealer. 

5.  Standard  flanges  Types  1 ,  2  and  3  are  used. 

6.  Unless  otherwise  noted,  all  steel  has  been  assumed  to  be  of  the  hot-dipped 
galvanized  type,  either  before  or  alter  fabrication. 

7.  Unless  otherwise  noted,  all  bolts,  nuts,  washers,  etc.,  have  been  assumed  to  be 
of  the  cadmium  plated  steel  type. 

8.  Thermal  insulation  is  1*  thick,  cemented  to  the  duct  exterior,  and  covered  with 
lagging  cloth  and  vapor  barrier. 

9.  Acoustic  insulation  is  I*  thick,  cemented  to  the  duct  interior,  with  the  comers 
seated  with  glass  tape. 

10.  Bolting  of  all  flanges  has  been  assumed  to  be  accomplished  during  the  installation 
procedure. 

11.  Eighty  percent  of  all  transverse  lap  scam  riveting  has  been  assumed  to  be 
accomplished  during  the  fabrication  process,  and  twenty  percent  during  installa¬ 
tion. 


12.  Work  associated  with  the  welding  of  spools  to  ships  structure  has  not  been 
included  since  this  is  normally  the  function  of  specialized  welding  personnel. 

13.  Forthe  purpose  of  this  tudy,  “Indirect  Cost**  includes:  clerical  work,  drafting 
supplies,  plan  reproduction,  record  keeping,  plan  flic  update,  and  other  general 
and  administrative  expenses. 

14.  Ail  material  costs  incurred  by  work  task  2  &  3  have  been  included  in  work  task  2. 


COMPONENT  IDENTIFICATION  LIST 


Item  No.  Description 


1 .  Straight  duct  -  26*  x  18*.  36*  long,  with  one  type  2  flange.  Constructed  of 
18  ga  sheet  steel  with  two  “Pittsburgh**  type  seams. 

2.  Duct  hangers.  Wi"  x  3/16*  steel  F.B.,  20  required  of  varying  lengths. 

3.  Bolted  access  plate  for  12*  x  21*  opening.  16  ga  sheet  steel,  with  gasket 
and  I*  x  1/8*  framing  ring. 

4.  Auto/Manual  fire  damper.  26*  x  18*.  21*  long.  1/8*  thick  steel  casing, 
with' two  type  I  flanges. 

5.  Transformation  piece.  26*  x  18*  -  26*  x  18*.  7*  R.C..  6*  long.  1/8*  thick 
steel,  with  two  type  I  flanges,  and  two  welded  seams. 

6.  Spool,  26*  x  18*.  T  R.C.,  6*  long,  W*  thick  steel,  with  two  type  I 
flanges,  and  two  welded  seams. 

7.  Same  as  item  No.  5. 


8.  Remote  operator  (thru-bulkhead)  for  item  No.  4, 1/8^  thick  steel  casing, 
with  two  type  1  flanges,  14”  long. 

9.  Straight  duct,  26”  x  18",  51”  tong,  with  one  type  2  flange  and  one  hip 
riveted  seam  with  item  10.  Constructed  of  18  ga  sheet  steel  with  two 
“Pittsburgh**  type  seams. 

10.  Transformation  piece,  26”  x  18”  -  29”  x  16”,  9”  long,  18  ga  sheet  steel, 
with  two  lap  riveted  seams  for  connection  to  items  9  &  1 1 .  Constructed 
with  four  “Pittsburgh**  type  seams. 

1 1.  Straight  duct,  29”  x  16”,  15”  long,  with  one  type  2  flange  and  one  lap 
riveted  seam  with  item  10.  Constructed  of  18  ga  sheet  steel  with  two 
“Pittsburgh**  type  seams. 

12.  Access  plate  for  12”  dia  opening,  1/8”  thick  steel,  with  gasket  and  16  ga 
sheet  steel  framing  ring. 

13.  Flexible  connection,  29”  x  16”,  5”  long.  Constructed  of  I Vi"  x  114"  x  1/8” 
steel  angles,  16  ga  steel  rutguard,  and  1/8”  thick  cloth  inserted  rubber. 

14.  Same  us  item  No.  12. 

15.  Straight  duct,  29”  x  16”,  15”  long,  with  one  type  2  flange,  and  one  lap 
riveted  seam  with  items  16  &  34.  Constructed  of  18  ga  sheet  steel  with 
two  “Pittsburgh**  type  seams. 

16.  Elbow,  17”  x  16”,  45®,  17”  throat  radius,  with  one  type  3  flange  and  one 
lap  riveted  seam  with  item  15.  Constructed  of  20  ga  sheet  steel  with 
four  “Pittsburgh**  type  seams. 

17.  Straight  duct,  17”  x  16”.  30”  long,  with  one  type  3  flange  and  one  lap 
riveted  seam  with  items  18  &  40.  Constructed  of  20  ga  sheet  steel  with 
one  welded  seam. 

18.  Straight  duct,  9”  x  16”,  14”  tong,  with  two  lap  riveted  seams  with  items 
17  Sl  19.  Constructed  of  20  ga  sheet  steel  with  one  welded  seum. 

19.  Transformation  piece,  9”  x  16”-  I8”x9”.  18”  long,  20  ga  sheet  steel,  with 
one  type  3  flange  and  one  lap  riveted  seam  with  item  18.  Constructed 
with  two  welded  seams. 


20.  Elbow,  18”  x  9”,  45®,  4*4”  throat  radius,  three  splitters,  one  type  3 
flange,  and  one  lap  riveted  seam  with  item  21.  Constructed  of  20  ga 
sheet  steel  with  four  welded  seams. 

21.  Straight  duct,  18”  x  9”,  10”  long,  with  one  type  2  flange  and  one  lap 
riveted  seam  with  item  20.  Constructed  of  20  ga  sheet  steel  with  one 
welded  seam. 

22.  Manual  Are  damper.  18”  x  9”,  12”  long,  1/8”  thick  steel  casing,  with  two 
type  I  flanges. 

23.  Transformation  piece,  18”  x  9”  - 18”  x  9”  F.O.,  6”  long.  1/8"  thick  steel, 
with  two  type  I  flanges,  and  two  welded  seams. 

24.  Spool,  l8”x9”F.O.,6”long.  14”  thick  steel,  with  two  type  I  flanges,  and 
two  welded  seams. 

25.  Transformation  piece.  18*  x  9”  F.O.  - 18*  x  9”,  6”  long.  20  ga  sheet  steel 
with  one  type  2  flange,  and  one  lap  riveted  seam  with  items  26  &  43. 
Constructed  with  two  lap  riveted  seams. 

26.  Straight  duct.  !5Vi”  x  9”,  15”  long,  with  one  type  2  flange,  and  one  lap 
riveted  seam  with  item  25.  Constructed  of  20  ga  sheet  steel  with  one 
welded  seam. 

27.  Duct  drain  and  sump,  1 5 Vi”  x  9”,  24”  long,  1/8”  thick  steel  with  two  type 

I  flanges.  ^  , 

28.  Straight  duct  -  1 5 Vi”  x  9”,  36”  long,  with  one  type  2  flange.  Constructed 
of  20  ga  sheet  steel  with  two  “Pittsburgh**  type  seams. 

29.  Straight  duct  -  6”  x  10”,  9”  long,  with  two  lap  riveted  scams  with  items  9 
&  30.  Constructed  of  22  gu  sheet  steel,  with  one  “ Pittsburgh**  type 
seam.  Used  for  45*  tap  connection  to  main. 

30.  Elbow,  6”  x  10”,  45®,  6”  throat  radius,  with  one  type  3  flange  and  one  lap 
riveted  seam  with  item  29.  Constructed  of  22  ga  sheet  steel,  with  four 
“Pittsburgh**  type  seams. 

31.  Straight  duct,  6”  x  10”,  24”  long,  with  one  type  3  flange  and  one  lap 
riveted  seam  with  item  33.  Constructed  of  22  ga.shect  sleet,  with  one 
grooved  seam. 


32.  Shut-ofT damper  for  6"  x  10*  duct,  I6ga  sheet  steel,  with  operating  gear. 

33.  *\T  terminal.  6*x  10*.  7 W  x  12*.  1W  long,  with  one  lap  riveted  seam 
with  item  31.  Constructed  of  22  ga  sheet  steel  with  one  lap  riveted 
seam. 

34.  Elbow.  1 2*  x  16*.  90°,  6*  throat  radius,  two  splitters,  and  two  lap  riveted 
seams  with  items  15  A  35.  Constructed  of  20  ga  sheet  steel  with  four 
“Pittsburgh*’  type  seams. 

35.  Straight  duct  - 12*  k  16",  36"  long,  with  two  lap  riveted  seams  with  items 
34  A  67.  Constructed  of  20  ga  sheet  steel  with  two  “Pittsburgh”  type 
seams. 

36.  Collar  plate  for  12"  x  16"  duct,  two  -  piece,  22  ga  sheet  steel,  fastened  to 
bulkhead  with  V4"  machine  screws  and  nuts. 

37.  Shut-ofT  damper  for  12"  x  16"  duct,  16  ga  sheet  steel,  with  operating 
gear. 

38.  Opening,  side  of  duct,  18"  x  10",  with  XAH  x  W  screening  and  retaining 
ring. 

39.  Splitter  damper  for  16"  deep  duct,  16  ga  sheet  steel,  8"  long,  with 
operating  gear. 

40.  Elbow,  8"  x  16",  135",  4"  throat  radius,  and  two  lap  riveted  seams  with 
items  17  A  41.  Constructed  of  20  ga  sheet  steel  with  four  “Pittsburgh” 
type  seams. 

41.  Straight  duct,  8"  x  16",  22"  long,  with  one  type  3  flange,  and  one  lap 
riveted  seam  with  item  40.  Constructed  of  20  ga  sheet  steel  with  one 
welded  seam. 

42.  Opening,  end  of  duct,  8"  x  16",  with  W  x  W  screening  and  retaining 
ring. 

43.  Elbow,  IV?  x  9",  90°.  1W  throat  radius,  and  two  lap  riveted  seams  with 
items  25  A  44.  Constructed  of  22 ga  sheet  steel  with  four  welded  seams. 

44.  T ransformation  piece,  2W  x  9"  -  5"  x  5",  6"  long,  22  ga  sheet  steel  with 
two  lap  riveted  seams  with  items  43  A  45,  and  two  welded  seams. 


45.  Straight  duct,  5"  x  5".  36"  long,  with  one  type  3  flange  and  one  lap 
riveted  seam  with  item  44.  Constructed  of  24  ga  sheet  steel  with  one 
grooved  seam. 

46.  Balancing  damper  for  5"  x  5"  duct,  16  ga  sheet  steel,  with  operating 
gear. 

47 .  “J  A“  terminal.  5"  x  5"  -  6"  x  6",  6"  long,  with  one  lap  riveted  seam  with 
item  58.  Constructed  of  24  ga  sheet  steel  with  one  lap  riveted  seam,  and 
Vim  x  Vx”  screening  and  retaining  ring. 

48.  Straight  duct,  thermally  insulated,  20"  x  10",  36*  long,  with  one  lap 
riveted  seam  with  item  49.  Constructed  of  18  ga  sheet  steel,  with  two 
“Pittsburgh”  type  seams. 

49.  Transformation  piece,  thermally  insulated,  20"  x  10"  -  20"  x  10"  F.O..  6" 
long.  18  ga  sheet  steel,  with  one  type  2  flange  and  one  lap  riveted  seam 
with  item  48.  and  two  lap  riveted  seams. 

50.  Spool  thermally  insulated.  20"  x  10"  F.O. ,  6"  long.  W  thick  steel,  with 
two  type  I  flanges,  and  two  welded  seams. 

51.  T ransformation  piece,  thermally  insulated,  20"  x  10"  -  20"  x  10"  F.O.,  6" 
long,  18  ga  sheet  steel,  with  one  type  2  flange  and  one  lap  riveted  seam 
with  item  52.  and  two  lap  riveted  seams. 

52.  Straight  duct,  thermally  insulated.  2<P  x  10".  86"  long,  with  2  lap  riveted 
seams  with  items  51  &  54.  Constructed  of  18  ga  sheet  steel,  and  two 
“Pittsburgh”  type  seams. 

53.  Shut-off  damper  for  20"  x  10"  thermally  insulated  duct,  16  ga  sheet  steel, 
with  operating  gear. 

54.  Transformation  piece,  thermally  insulated.  20"  x  l0"-20"x  IO"F.O.,6" 
long,  18  ga  sheet  steel,  with  one  type  2  flange,  one  lap  riveted  seam  with 
item  52,  and  two  spot  welded  seams. 

55.  Spool,  thermally  insulated,  20"  x  10"  F.O.,  6"  long,  ki"  thick  steel,  with 
two  type  t  flanges,  and  two  welded  seams. 

56.  Transformation  piece,  20*  x  l(T  -  20"  x  10"  F.O.,  6"  long,  18  ga  sheet 
steel,  with  one  type  2  flange,  one  lap  riveted  seam  with  item  57,  and  two 
spot  welded  seams. 
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MATERIAL  COSTS 


57. 


58. 


59. 


60. 


6t. 


62. 


63. 


64. 


65. 


66. 


67. 


Straight  duct,  20"  x  10",  10"  long,  with  one  type  3  flange  and  one  lap 
riveted  seam  with  item  61.  Constructed  of  18  ga  sheet  steel,  and  two 
"Pittsburgh"  type  seams. 

Straight  duct,  5"  x  5",  33"  long,  with  one  type  3  flange  and  one  lap 
riveted  seam  with  item  47.  Constructed  of  24  ga  sheet  steel,  with  one 
grooved  seam. 

Straight  duct.  8*  x  16*.  22*  long,  with  one  type  3  flange.  Constructed  or 
20  ga  sheet  steel  with  one  welded  scam. 

Straight  duct,  12"  x  16",  44"  long,  with  one  lap  riveted  seam  with  item 
67,  and  one  end  capped  and  lap  riveted.  Constructed  trf20ga  sheet 
steel  with  two  "Pittsburgh"  type  seams. 

Straight  duct,  acoustically  insulated,  20"  x  10",  1 14"  long,  with  two  type 
3  flanges.  Constructed  of  IS  ga  sheet  steel  with  two  "Pittsburgh"  type 
seams. 

Straight  duct,  20"  x  10",  35"  long,  with  one  type  3  flange,  and  one  welded 
seam  with  item  66.  Constructed  of  18  ga  sheet  steel  with  two 
"Pittsburgh"  type  seams. 

Orifice  plate,  for  insertion  between  two  type  3  flanges  in  8"  x  16"  duct, 
24  ga  sheet  steel. 

Bolted  access  plate  for  6"  x  15"  opening,  16  ga  sheet  steel,  with  gasket 
und  I*  x  1/8"  framing  ring. 

Headroom  flange  for  17"  x  16"  duct— two  type  3  flanges  modified  to  suit 
flat  bottom.  I"  x  1/8"  steel  flat  bar  tapping  ring  and  14  ga  sheet  steel 
cover  plate. 

Bcllmouth  exhaust  terminal,  for  20"  x  10"  duct.  Constructed  of  18  ga 
sheet  steel  with  welded  comer  seams  and  welded  seams  with  item  62. 
With  15"  x  14*  screening  and  retaining  ring. 

Special  flange,  for  joining  12"  x  16"  duct.  Flange  12"  long  with  two  lap 
riveted  seams  with  items  35  &.  60.  Constructed  of  20 ga  sheet  steel  with 
bottom  plate  removable. 


Article  &  Quantity 


Price  ($> 


24  ga  galv  sheet  steel,  12  Ft1 
22  ga  galv  sheet  steel,  14.2  Ft* 

20  ga  galv  sheet  steel,  135  Ft* 

18  ga  galv  sheet  steel,  233  Ft* 

16  ga  galv  sheet  steel,  10  Ft* 

14  ga  galv  sheet  sled,  1.7  Ft* 

1 1  ga  galv  sheet  steel,  50  Ft* 

14*  thick  steel  plate,  1 1  Ft* 

146*  x  114"  x  14*  galv  steel  angle,  73  LF 

114"  x  114*  x  W  galv  steel  angle,  8  LF 

I*  x  1"  x  M»"  galv  steel  angle,  66  LF 

114*  x  3/16*  galv  steel  FB,  50  LF 

1 14*  x  14"  galv  steel  FB,  2.3  LF 

I*  x  1/8*  galv  steel  FB,  13  LF 

W  x  3/16"  CRES  FB,  6  LF 

W  x  1/8"  CRES  FB,  4  LF 

3/16"  x  1-7/16*  galv  steel  FB.  140  LF 

W  IPS  half-coupling.  I  required 

Damper  assemblies,  balance  and  shut-off, 

4  required  -  bought  as  units 
Spacers.  %  Tubing.  M»"  long,  steel,  20  required 
Splitter  damper  assembly,  1  required,  bought  as  unit 
I"  x  1/16*  spring  steel,  cad  plated,  1.5  LF  '  * 

114"  x  .05"  brass  strip,  I  LF 

Gasket,  14"  cloth-inserted  rubber,  20  Ft* 

1*  half-round  bar,  galv  steel,  1.5  LF 
Fusible  link.  I  required 
Ya”  dm  shaft,  CRES,  6  LF 
Ya”  dia  std  pipe,  CRES,  4  LF 

3"  O.D.  x  %"  I.D.  CRES  bearing  plate,  3/16"  thick.  5  required 

114"  O.D.  x  Yau  I.D.  CRES  thrust  collar.  14"  thick,  4  required 

1-9/16"  O.D.  x  1. 1"  I.D.  CRES  thrust  collar.  Ya "  thick.  2  required 

14"  dia  brass  pin,  114"  long,  4  required 

114*  x  W  CRES  FB,  1.4  LF 

14"  -  20  NC-3  RH  mach  screws,  I"  long,  20  required 

W  -  20  NC-3  hex  nuts,  20  required 

W  -  16  NC-2  hex  head  bolts,  I*  long.  504  required 

#10  flat  point  thread  cutting  mach  screws.  14*  long,  14  required 


2.50 
3.61 

40.39 

90.65 

4.79 

1.00 

47.21 

20.78 

31.43 

3.44 
18.48 
11.25 

.66 

1.44 
1.44 

.30 

31.50 
.40 

25.00 


.30 

6.00 

.30 

.75 

5.00 

.50 

.30 

2.70 

1.20 

1.50 

1.00 

.75 

.40 

.40 

.30 

.20 

10.00 

.15 
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3/16"  -  20  NC-3  hex  head  bolt.  14"  long.  10  required 

3/16"  -  20  NC-3  hex  nuts,  10  required 

W  -  16  NC-2  hex  nuts.  504  required 

Break-mandrel  type  "Pop"  rivets,  1600  required 

y4*  -  20  UNC-3B  “Rivnuts."  44  required 

W  -  20  UNC-3B  RH  machine  screws,  44"  long,  44  required 

V?  -  20  NC-2  RH  machine  screws.  W  long,  259  required 

W  -  20  NC-2  RH  machine  screws,  brass,  44*  long,  6  required 

14"  -  20  NC-2  hex  nuts,  brass.  7  required 

Washers  for  M»"  dia  bolt,  462  required 

y4”  -  20  NC-2  hex  head  machine  screw,  brass.  H4"  long,  I  required 

Washer  for  'A*  dia  bolt,  brass.  5  required 

W*  -  20  NC-3  hex  head  bolts,  I W"  long.  12  required 

14"  -  20  NC-3  wing  nuts,  12  required 

1/4"  .  20  NC-2  hex  nuts,  259  required 

14"  -  20  NC-2  hex  head  cone  point  machine  screw, 

CRES  3/16"  long,  2  required 
Lock  washer  for  W  bolt,  brass.  2  required 
#10-32  NC-2  hex  head  machine  screw,  CRES, 

114"  tong,  3  required 
14"  x  14"  wire  mesh.  6  Ft* 

5/32*  flat  CSK-head  rivets.  16  required 

\/f .  20  NC-3  flat  head  machine  screws,  W  long,  20  required 

Thermal  insulation,  fiberglass  board  type.  I"  thick.  67  Ft* 

Acoustic  insulation,  fiberglass  board  type.  I"  thick.  48  Ft* 
Adhesive  for  cementing  lagging  cloth  to  insulation.  I  gallon 
Adhesive  for  cementing  insulation  to  duct,  1.5  gallons 
Vapcr  barrier,  4  gallons 
r  glass  tape,  46  LF 
Lagging  cloth,  71  Ft* 

Duct  joint  sealer.  2  gallons 


.15 

.10 

7.50 

15.00 

1.54 

.50 

2.60 

.18 

.14 

2.30 

.03 

.05 

.15 

.48 

2.60 

.20 

.03 

.06 


.90 

.12 

.20 

20.00 

14.40 

10.00 

t5.00 

40.00 

4.60 

7.10 

30.00 


BASIC  WORK  FLOW  DIAGRAM 


TOTAL  MATERIAL  COST  *  $543.81 


WORK  TASK  1  •  ENGINEERING  (Plan  Development) 


WORK  TASK  I  —  COSTS 
DIRECT  LABOR 
MANHOUR 


ITEM 

MANHOURS 

RATE  ($) 

SUBTOTALS  ($) 

la 

4 

'  7.50 

30.00 

lb 

24 

7.50 

180.00 

Ic 

4 

7.50 

30.00 

Id 

24 

7.50 

180.00 

!e 

12 

7.50 

90.00 

If 

28 

7.50 

210.00 

lg 

12 

7.00 

84.00 

Ih 

4 

10.00 

40.00 

li 

— 

— 

— 

DIRECT  LABOR 

844.00 

DIRECT  MATERIAL 

1 — ' 

INDIRECT  COST* 

675.20 

TOTAL  COST 

.  $1519.20 

*  80%  of  Direct  Labor 


WORK  TASK  2  —  COSTS 


DIRECT  LABOR 


MANHOUR 

ITEM 

MANHOURS 

RATE  ($) 

SUBTOTALS  ($) 

2a 

12 

6.50 

78.00 

2b 

!6 

8.50 

136.00 

2c 

266 

7.00 

1862.00 

2d 

8 

6.50 

52.00 

2e 

16 

7.00 

112.00 

2f 

8 

6.50 

52.00 

2g 

2 

6 .50 

13.00 

DIRECT  LABOR 

2305.00 

DIRECT  MATERIAL 

543.81 

INDIRECT  COST* 

1 152.50 

TOTAL  COST 

$4001.31 

*  50#  of  Direct  Labor 
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MANHOURS  —  WORK  TASK  2C  (COMPONENT  FABRICATION) 


Item  No. 

Manhours 

Item  No. 

Manhours 

Item  No. 

Manhours 

1 

3.0 

24 

4.0 

47 

3.0 

2 

10.0 

25 

4.5 

48 

2.0 

3 

2.5 

26 

3.0 

49 

3.0 

4 

24.0 

27 

8.0 

50 

4.0 

5 

4.5 

28 

3.0 

51 

3.0 

6 

4.0 

29 

3.0 

52 

3.0 

7 

4.5 

30 

3.0 

53 

1.5 

8 

16.0 

31 

4.0 

54 

3.0 

9 

4.0 

32 

1.0 

55 

4.0 

10 

2.5 

33 

1.5 

56 

3.0 

II 

3.0 

34 

4.0 

57 

4.0 

12 

3.5 

35 

1.0 

58 

3.0 

13 

6.0 

36 

1.0 

59 

3.0 

14 

3.5 

37 

1.0 

60 

2.0 

15 

4.0 

38 

2.0 

61 

8.0 

16 

4.0 

39 

1.0 

62 

4.0 

17 

4.0 

40 

3.0 

63 

1.0 

18 

2.0 

41 

3.0 

64 

2.5 

19 

3.5 

42 

2.0 

65 

4.0 

20 

6.0 

43 

2.5 

66 

3.5 

21 

3.0 

44 

2.5 

67 

2.0 

22 

16.0 

45 

2.5 

23 

4.5 

46 

t.O 

TOTAL 

266.0 
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WORK  TASK  3  -  INSTALLATION 


WORK  TASK  4 


WORK  TASK  3  —  COSTS 


DIRECT  LABOR 


ITEM 

MANHOURS 

MANHOUR 
RATE  ($) 

SUBTOTALS  <$> 

3a 

6 

6.00 

36.00 

3b 

24 

7.00 

168.00 

3c 

20 

7.00 

140.00 

3d 

12 

7.00 

84.00 

3c 

8 

7.50 

60.00 

3f 

6 

7.00 

42.00 

H 

4 

9.00 

36.00 

3h 

8 

6.50 

52.00 

DIRECT  LABOR 

as 

618.00 

DIRECT  MATERIAL 

■ 

— 

INDIRECT  COST* 

* 

247.20 

TOTAL  COST 

« 

$865.20 

*  409f  of  Direct  Labor 


WORK  TASK  4  —  COSTS 


WORK  TASK  4  -  SYSTEM  TESTING  (Volumetric) 


DIRECT  LABOR 


ITEM 

MANHOURS 

MANHOUR 

RATE  ($) 

SUBTOTALS  ($) 

4a 

2 

8.00 

16.00 

4b 

1 

8.00 

8.00 

4c 

2 

8.00 

16.00 

4d 

8 

8.00 

64.00 

4e 

— 

— 

— 

DIRECT  I.ABOR 

DIRECT  MATERIAL 
INDIRECT  COST* 

TOTAL  COST 

104.00 

.11.20 

$135.20 

*  30#  of  Direct  Labor 


SUMMARY  — COSTS 


Work 

Task 

Direct 
Labor ($) 

Direct 
Material  ($) 

Indirect 
Cost  ($) 

Sub- 
Total  ($) 

1 

844.00 

__ 

•  675.20 

1519.20 

2 

2305.00 

543.81 

1 152.50 

4001.31 

3 

618.00 

— 

247.20 

865.20 

4 

104.00 

— 

31.20 

135.20 

TOTALS 

$3871.00 

$543.81 

$2106.10 

$6520.91 

Note  —  Due  to  the  wide  variance  existing  throughout  the  industry  in  labor  rates  and 
indirect  costs,  only  the  material  costs  and  munhour  estimates  arc  considered 
to  be  significant  factors  of  reasonable  reliability. 


APPENDIX  E 

AREAS  FOR  FUTURE  STUDY 

j  The  researcher’s  recommendation  for  areas  of  future  study  that  have  the  great- 

i  est  potential  for  cost  savings  are  discussed  herein. 

|  INTRODUCTION 

The  following  discussion  presents  proposals  and  recommendations  for  areas  of 
future  study.  Many  of  these  can  be  reduced  or  increased  in  scope,  depending  upon 
the  reviewing  activity.  However.  John  J.  McMullen  Associates,  Inc.  (JJMA)  con¬ 
siders  that  these  items  are  representative  of  the  areas  of  greatest  potential  cost 
savings  and/or  improvement  for  American-built  merchant  ships. 

Certain  of  the  proposed  recommendations  are  a  result  of  encountering  unre¬ 
solved  problems  whose  resolution  is  beyond  the  scope  of  this  project.  Others  Have 
been  suggested  to  afford  the  shipbuilding  industry  cosi-saving  innovations  and  prac¬ 
tices  similar  to  those  generally  available  to  shoreside  design  and  construction  ac¬ 
tivities. 

DUCT  PRODUCTION  AND  FABRICATION 

As  part  of  this  project,  detailed  research  has  been  directed  towards  the  practices 
followed  in  the  commercial  shoreside  HVAC  industry.  Certain  of  the  information 
gathered  in  this  effort  has  been  associated  with  the  layout,  work  and  material  flow, 
and  machinery  used  within  sheet  metal  shops,  with  regard  to  minimizing  costs. 
While  it  is  obvious  that  the  problems  faced  by  a  shipyard  are  more  complex  than 
those  encountered  ashore,  it  would  seem  that  certain  of  the  principles  are  especially 
significant  to  duct  standardization  and  cost  savings.  It  is  therefore  recommended  that 
a  study  be  undertaken  to  determine  if  a  feasible  production  Him  type  of  duct  fabrica¬ 
tion  process  may  be  developed  lo  suit  the  (diversity  of  the  marine  industry*  White 
some  shipyards  might  already  be  utilizing  such  a  concept  JJMA  suggests  that  the 
additional  advice  of  experts  in  the  field  of  shoreside  sheet  metal  fabrication,  work 
flow  processes,  and  manufacturing  of  associated  machinery,  may  result  in  additional 
economical  advantages.  Any  such  effort  would  have  to  be  undertaken  with  due 
respect  to  agreements  and  contracts  between  shipyards  and  their  union  associations. 
If  agreeable  to  those  concerned,  the  study  should  be  accomplished  through  joint 
input  from  shipyard  fabrication  personnel  and  from  an  organization  experienced  in 
studies  of  this  type. 

In  conjunction  with  the  above  recommendation,  JJMA  also  suggests  that  ship¬ 
yard  personnel  associated  with  sheet  metal  fabrication  be  given  the  opportunity  to 


review  and  comment  on  some  of  the  new  machinery,  tools,  and  sheet  metal  forming 
methodology  now  available.  While  JJMA  is  primarily  concerned  with  the  design 
phase  of  most  projects,  and  shop  personnel  are  more  closely  involved  with  the  actual 
details  and  problems  of  fabrication  and  construction,  there  are  several  innovative 
devices  now  on  the  market,  both  motor-driven  and  manual,  that  offer  the  promise  of 
increased  productivity.  There  is  also  an  abundance  of  fabricated  parts  and  ducting 
components  which  are  available.  JJMA  has  found  that  an  excellent  source  of  such 
items,  and  articles  associated  with  the  commercial  sheet  mclal  trades,  is  “SNIPS” 
Magazine.  Inc.  Included  in  this  review  should  be  an  investigation  of  some  of  the 
recent  developments  regarding  the  internal  environment  of  workshops  where  opera¬ 
tions  are  performed  which  give  off  toxic  or  annoying  fumes  (welding,  burning,  etc.). 
The  energy  shortage  has  resulted  in  designs  which  are  directed  at  least  cost/energy 
usage.  The  concepts  involved  with  such  designs  arc  not  unknown  to  shipyard 
personnel,  however,  some  of  the  new  hardware  may  be. 

PRESSURE  DROP  TEST  PROGRAM 

It  is  proposed  that  a  testing  program  be  instituted  to  determine  the  pressure  drop 
losses  associated  with  duct  branch  take-offs  (taps),  especially  on  the  return/exhaust 
side  of  HVAC  systems.  White  branch  take-ofT  losses  on  the  supply  side  of  systems 
have  been  fairly  well  determined  and  documented  (at  least  for  round  duct), 
return-side  tosses  have  not  been  subjected  to  the  same  degree  of  resolution.  Most  of 
the  trade  data  sources  stale  this  condition,  and  where  factors  are  given,  they  are 
noted  to  be  only  those  generally  used  and  not  substantiated  by  a  testing  program. 
While  the  U.S.  Navy  gives  values  in  their  Design  Data  Sheets,  an  examination  of 
these  will  indicate  that  they  are  unsatisfactory  for  all  branch/main  air  ratios.  Many 
design  organizations  utilizing  these  Design  Data  Sheets  revise  these  values  to  suit 
such  ratios.  But  the  results  of  these  revised  values  have  not  been  confirmed. 

The  main  objectives  of  the  proposed  testing  program  are: 

•  Determine  duct  take-off  pressure  drop  tosses  for  branch  and  main  sections, 
on  both  the  supply  and  return  side  of  systems, 

•  Determine  the  geometric  relationships  or  branch  to  main  configurations 
which  result  in  the  least  pressure  drop  tosses,  and  which  are  most  easily 
constructed. 

•  Determine  the  pressure  drop  loss  variations  between  single  and  multiple 
take-off  connections  at  the  same  point  on  the  main  section. 

•  The  above  to  be  determined  for  both  symmetrical  and  non-symmctrical 
take-ofT  connections  (connecting  ducts  centerline  relationship),  with  equal 
and  unequal  air  velocities  in  the  branch  and  main  ducts. 

•  Testing  and  analyses  to  cover  the  full  range  of  air  velocities  normal  to  marine 
projects,  for  both  round  and  rectangular  ducts  and  combinations  thereof, 
and  for  the  fall  range  of  expected  branch/main  air  quantity  and  velocity 
ratios. 
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The  results  of  such  a  testing  program  will  make  available  to  system  designers 
data  more  reliable  than  what  they  presently  use,  and  will  therefore  eliminate  some  of 
the  problems  encountered  during  system  test  and  balance  procedures.  In  addition,  a 
basic  contribution  of  the  program— should  configurations  be  found  with  reasonably 
low  pressure  drop  losses — would  be  the  elimination  of  many  of  the  split  mains  now 
used  in  favor  of  the  more  easily  constructed  take-off  concept.  This  would  not  only 
result  in  savings  to  the  fabrication  activities,  but  would  also  give  the  system  designer 
more  freedom  of  choice.  The  above  would  also  serve  to  further  reduce  (perhaps 
significantly)  the  number  of  specific  sizes  us  proposed  in  the  basic  standardization 
program. 

COMPUTER  PROGRAMS 

Although  there  are  numerous  duct  pressure  drop  computer  programs  available 
for  use  by  commercial  shoreside  H  VAC  design  activities,  there  is  a  definite  lack  of  a 
comprehensive  program  to  suit  marine  HVAC  installations.  The  low  air  velocities 
generally  found  in  shoreside  installations,  the  different  design  parameters,  (space 
availability,  system  function,  length  of  run,  equipment  types,  specific  ufr  flow  condi¬ 
tions.  duct  component  type,  etc.),  and  the  actual  basis  of  calculations,  make  the  use 
‘  of  programs  designed  for  shoreside  installations  impractical  for  marine  installations 
unless  substantial  program  revision,  review  and  in  many  cases,  rework,  is  ac¬ 
complished. 

There  are  programs  available  which  were  developed  for  marine  installations  by 
various  design  agents  and  shipyard  design  functions.  However,  from  review  and  use 
of  certain  of  these.  JJM  A  feds  that  none  are  fully  responsive  to  the  limiting  design 
conditions  peculiar  to  marine  instaflations,  especially  when  considered  in  respect  to 
standardized  duct  sizes  and  components,  and  to  cost  savings  from  fabrication  and 
installation  activities. 

It  is  therefore  proposed  that  a  pressure  drop  program  be  developed  specifically 
for  marine  designs,  and  that  it  consist  of  a  two-stage  procedure.  The  first  stage  would 
give  preliminary  sizing  information  to  the  designers  for  use  during  the  initial  design 
phase.  The  second  stage  would  produce  the  final  pressure  drop  calculations  and  duct 
sizes  subsequent  to  the  systems  design/coordination  phase.  The  two  stages  should  be 
so  organized,  and  the  initial  stage  so  developed  that  any  differences  in  their  duct  size 
outputs  (due  to  changes  necessary  during  the  coordination  phase  of  design)  are  small 
enough  to  be  accommodated  without  the  need  for  repeated  systems  coordination. 

The  program  should  be  developed  to  create  a  standard  of  H  VAC  system  air  flow 
performance  for  American  shipbuilding  interests,  und  be  arranged  so  that  any  neces¬ 
sary  program  changes/adjustments  at  later  dates  may  be  easily  incorporated.  It 
should  include  an  extensive  input  data  checking  procedure,  be  capable  of  accom¬ 


modating  both  complete  and  partial  systems,  be  capable  of  achieving  system  balance 
within  the  constraints  of  the  proposed  standard  sizes  and  components,  and  ac¬ 
complish  the  necessary  evaluations  to  maximize  cost  savings  in  the  fabrication  and 
installation  activities,  it  is  estimated  that  a  savings  of  75  percent  would  ultimately 
result  in  the  design  activity  atone  (over  the  cost  resulting  from  hand  calculations) 
through  the  use  of  such  a  computer  program.  The  development  of  this  program  could 
also  include  provision  for  two  other  functions;  HVAC  noise  calculations,  and  system 
material  requirements.  This  would  further  reduce  the  need  for  hand  calculation,  and 
in  the  case  of  noise  calculations,  would  also  reduce  the  extent  of  any  corrective  action 
after  system  installation  and  testing. 

It  is  also  proposed  that  a  computer  program  be  developed  to  perform  space 
healing/cooling  load  calculations  on  a  standard  basis  for  merchant  ships.  The  pro¬ 
gram  should  have,  as  a  rmyor  part  of  its  contents,  ail  “U"  factor  information  as  set 
forth  in  the  S.N.A.M.E.  Technical  and  Research  Bulletin  4-7,  “Thermal  Insulation 
Report/’  It  should  be  capable  of  selecting  summer,  winter,  and  change-over.  “U” 
factor  values,  and  of  interpolating  between  end  values  as  given  in  the  cited  report.  As 
with  the  proposed  duct  pressure-drop  computer  program,  it  should  have  an  extensive 
input  datu  checking  procedure,  and  be  capable  of  printing  out  all  pertinent  outputs  in 
a  format  easily  utilized  by  design  personnel.  Major  design  parameter  values  which 
may  change  from  ship  to  ship  (weather  conditions,  personnel  loadings,  space  temper¬ 
atures,  glass  transmittance  values,  etc.)  should  be  read  by  the  computer  as  problem 
input  variables  so  that  the  program  is  as  versatile  as  possible. 


THERMAL  INSULATION 

V 

At  present,  the  U.S.  Navy  is  eliminating  thermal  insulation  on  supply  side  air 
conditioning  ductwork,  depending  on  the  relationship  existing  between  the  dry  bulb 
temperature  of  the  air  within  the  duct  und  the  wet  bulb  temperature  of  the  air 
surrounding  the  duct.  Further,  in  areas  where  this  relationship  would  necessitate 
insulation,  the  system  designer  has  the  option  of  either  specifying  insulation  or 
providing  by-pass  air  on  the  system  so  that  insulation  is  not  required.  Thermal 
insulation  on  the  return  side  of  an  air  conditioning  system  is,  in  general,  not  required. 
Thermal  insulation  requirements  on  ducting  of  supply  und  exhaust  systems  is  spec¬ 
ified  in  section  509  of  the  U.S.  Navy  General  Specifications,  with  an  easily  followed 
format.  JJMA  has  noted  the  effect  of  minimizing  insulution  on  Naval  ships  in 
accomplishing  various  tasks  for  the  Naval  Ship  Engineering  Center.  Except  for  some 
specific  instances,  little  condensation  has  been  observed.  One  observation  within  n 
scullery  showed  that  the  occurrence  of  condensation  on  uninsulated  ductwork  was 
dependent  on  the  existence  of  paint  on  the  exterior  surface  of  the  ducting.  Im¬ 
mediately  after  space  usage,  condensation  was  observed  on  painted  supply  duct,  but 
none  on  unpainted  galvanized  steel  duct  on  the  same  system.  * 
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Based  on  the  above,  it  is  proposed  that  a  study  be  undertaken  to  determine  the 
minimum  thicknessand  type  of  insulation  reared  for  (fact  work  commensurate  with 
condensation  and  heat  transfer  considerations.  The  basic  objective  Is  to  reduce,  or 
eliminate,  as  much  of  the  presently  required  thermal  insulation  as  possible. 

Thermal  insulation  on  all  duct  cannot  be  eliminated  totally.  However,  for 
many  cases  where  elimination  is  not  possible*  the  amount  required  can  be  reduced.  In 
addition,  for  borderline  cases,  the  application  of  on  insulating  paint  or  similar  coating 
may  serve  the  purpose.  Since  the  application  of  insulation  is  a  costly  item,  requiring 
in  many  cases  considerations  such  as  vapor  sealing,  portable  pieces  for  flanges, 
access  plates,  etc.,  the  need  for  such  a  study  seems  evident. 

HVAC  EQUIPMENT 

There  have  been  substantial  advances  in  HVAC  equipment  design  to  suit  the 
commercial  shoresidc  trade  in  the  past  15  years,  as  well  as  broad  developments  in 
methods  and  concepts  for  protecting  material  from  adverse  environmental  condi¬ 
tions.  These  should  be  investigated  with  respect  to  their  particular  application  to 
marine  projects.  New  equipment  types  have  been  designed  and  built  for  the  U.S. 
Navy,  includinglftrger  cooling  coils  and  a  new  family  of  sizes  of  fan  coil  units.  These 
items  should  also  be  investigated  for  applicability  to  commercial  marine  projects. 

In  conjunction  with  the  above,  it  is  proposed  that  a  study  be  undertaken  to 
review,  update,  and/or  change,  the  type  of  HVAC  equipment  presently  required  for 
installation  on  American  flag  ships.  Few  equipment  manufacturers  have  been  re¬ 
sponding  to  requests  for  bids  on  marine  prefects.  Some  have  Slated  that  they  do  not 
wish  to  bid  on  marine  projects  due  to  the  specialties  involved,  and  the  increasing 
costs  and  scarcities  of  certain  of  the  materials  required  to  meet  specifications. 


One  of  the  common  problems  faced  by  equipment  manufacturers  is  that  of 
tooling  and  work  scheduling  to  suit  marine  requirements,  and  of  having  large  periods 
of  time  in  which  the  need  for  their  product  is  not  in  reasonable  demand.  It  may  be 
desirable  to  have  equipment  types  which,  except  for  military  shock  grading,  are 
applicable  for  both  naval  and  commercial  marine  designs.  Trade-off  analyses  should 
be  accomplished  concerning  items  such  as  adjustable  pitch  direct  drive  vaneaxial 
fans  (similar  to  the  Buffalo  Forge  Co.  "Adjustax"  scries)  which  may  be  adjusted  for 
capacity  control  after  installation.  The  trade-offs  should  include  the  extra  cost  for 
such  equipment  versus  the  time  saved  during  the  system  testing  and  balancing 
procedures. 

A  study  of  this  type  should  be  accomplished  through  a  joint  effort  of  both 
equipment  manufacturers  and  representatives  of  the  marine  design  field.  Owners* 


requirements  and  crew  and  operating  personnel  complaints  should  serve  as  an  input 
to  such  a  study  as  well  as  survey  reports  of  equipment  installed  on  existing  ships  of 
various  ages. 

CONSTRUCTION  DETAILS 

It  is  the  opinion  of  JJMA  that  there  is  a  definite  need  to  establish  a  standard 
booklet  of  construction  details,  resulting  in  the  simplification  of  existing  methods  and 
the  minimization  of  the  number  of  source  materials.  As  part  of  this  development, 
cognizance  should  be  taken  of  the  large  selection  of  components  and  associated 
hardware  available  from  the  various  American  manufacturers.  In  addition,  all  con¬ 
struction  details  should  be  so  arranged  that  make/buy  decisions  will  not  affect 
connecting  components,  or  the  component  into  which  the  bought  item  is  to  be 
inserted,  if  such  is  the  case. 

SPECIFICATIONS 

It  is  proposed  that  the  standard  Marad  specification  format  for  Section  7  ( I  nsula- 
tion.  Linings,  and  Battens)  insofar  as  compartment  thermal  and  acoustic  insulation  is 
concerned.  Section  12  (Air  Conditioning,  Heating  and  Ventilation),  and  Section  64 
(Machinery  Space  Ventilation),  be  rewritten  similar  to  the  formal  used  in  the  U.S. 
Navy  specifications.  Section  509  (Thermal  Insulation  and  Acoustic  Absorptive 
Treatment  for  Ducts  and  Trunks),  section  512  (Air  Conditioning.  Ventilation  and 
Heating),  and  Section  635  (Thermal  Insulation  and  Acoustic  Absorptive  Treatment 
of  Compartments  for  Surface  Ships),  in  addition,  any  such  redevelopment  of  Section 
12  of  the  standard  Marad  specification  should  contain  a  definitive  set  of  instructions 
regarding  the  U.S.  Coast  Guard's  fire  protection  requirements  as  applicable  to 
HVAC  systems,  and  an  explanation  of  rat  proofing  requirements  for  interspace 
protection. 

In  conjunction  with  this  effort,  it  is  also  recommended  that  a  compartment 
insulation  chart  be  developed  similar  to  that  found  in  Section  635  of  the  U.S.  Navy 
specifications,  and  a  Design  Criteria  Manual  be  developed  for  merchant  ships, 
similar  in  format  and  content  to  that  developed  by  the  U.S.  Navy.  "Air  Condition¬ 
ing,  Ventilation  and  Heating  Design  Criteria  Manual  for  Surface  Ships  of  the  United 
States  Navy"  (N.S.  0938-018-0010). 

This  recommendation  has  been  made  in  the  belief  that  a  more  explicit  set  of 
specifications  will  better  serve  both  the  design  functions  and  the  shipowners,  as  well 
as  facilitate  checking  by  the  owners*  representatives.  Some  of  the  ambiguities  and 
arguments  which  presently  occur  will  vanish.  A  redevelopment  of  the  specifications 
can  be  made  in  such  a  manner  as  to  easily  accommodate  any  specific  changes  found 
desirable  for  any  particular  ship. 
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CONCLUSION 


In  making  the  above  proposals  and  suggestions,  JJMA  realizes  that  some 
personnel,  intimately  associated  with  marine  type  H  VAC  installations,  will  strongly 
disagree  with  the  degree  of  economic  savings  and  benefits  to  the  ship.  It  is  also  true 
that  design,  fabrication,  and  installation  practices  differ  between  the  various  ship¬ 
yards,  and  therefore  what  benefits  one  may  be  found  costly  to  another.  JIM  A  has 
attempted  to  analyze  the  proposals  in  a  manner  to  assure  that  effort  has  been  directed 
toward  the  formulation  of  cost  reducing  innovations.  All  comments,  arguments,  and 
counter-proposals  from  American  shipyard  personnel  and  from  the  shipbuilding 
industry  are  not  only  welcome,  but  necessary  in  furthering  the  cost  saving  features  of 
the  National  Shipbuilding  Research  Program  studies. 
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DUCT  SIZE  UTILIZATION  — 
FIRST  GENERATION  OF  SPLITS 


This  is  a  listing  of  first-generation  standard  splits  from  standard  duct. 


STANDARD 

DUCT  SIZE 

STANDARD  SPLITS 

DEPTHON.I 

WIDTHdN.) 

DEPTH  OF 
SPLITS  (INCHES) 

WIDTH  OF 
SPLITS  (INCHES) 

16 

16 

6.8,10 

6.8,10 

16 

6,8,10 

6-12  in  2  Inch  increments 

20 

8 

6-14  in  2  inch  increments 

22 

8 

6-16  in  2  inch  increments 

24 

8 

6-18  in  2  inch  increments 

26 

— 

6-20  in  2  inch  increments 

28 

— 

6-22  in  2  inch  increments 

30 

— 

6-24  in  2  inch  increments 

32 

— 

6-26  in  2  inch  increments 

34 

— 

6-28  in  2  inch  increments 

36 

— 

6-30  in  2  inch  increments 

38 

— 

6-32  in  2  inch  increments 

40 

— 

6-34  in  2  inch  increments 

42 

— 

6-36  in  2  inch  increments 

44 

— 

6-38  in  2  inch  increments 

46 

— 

6-40  in  2  inch  increments 

48 

— 

6-42  in  2  inch  increments 

18 

18 

6.8,10.12 

6.8.10,12 

20 

8,10 

6-14  in  2  inch  increments 

22 

8.10 

6-16  in  2  inch  increments 

24 

8.10 

6-18  in  2  inch  increments 

26 

— 

6-20  in  2  inch  increments 

28 

— 

6-22  in  2  inch  increments 

30 

— 

6-24  in  2  inch  increments 

32 

— 

6-26  in  2  inch  increments 

34 

— 

6-28  in  2  inch  increments 

36 

— 

6-30  in  2  inch  increments 

38 

— 

6-32  in  2  inch  increments 

40 

— 

6-34  in  2  inch  increments 

42 

— 

6-36  in  2  inch  increments 

44 

— 

6-38  in  2  inch  increments 

46 

— 

6*40  in  2  inch  increments 

48 

— 

6-42  in  2  inch  increments 

50 

— 

6-44  in  2  inch  increments 

52 

— 

6-46  in  2  inch  increments 

54 

— 

6-48  in  2  inch  increments 

STANDARD 

DUCT  SIZE 

STANDARD  SPLITS 

DEPTHdN.) 

WIDTHdN.) 

DEPTH  OF 
SPLITS  (INCHES) 

WIDTH  OF 
SPLITS  (INCHES) 

20 

20 

8, 10,  (2 

8.10.12 

22 

8.10.12 

8.10.12,14 

24 

8.10.12 

H. 10.12.14.  16 

22 

22 

8,10.12,14 

8. 10. 12. 14 

24 

8.(0.12.14 

8.10.(2.14.16 

24 

24 

8.10.12,14,16 

8.10.12.14.16 

APPENDIX  G 


COST  ANALYSIS 

Costs  for  various  transverse  connections,  transformation  pieces,  access  plates 
and  a  bellmouth  terminal  are  itemized  herein.  Costs  are  in  February  197b  dollars. 

1.0  Cost  Analysis:  Flanged  vs.  Non-FIanged  Transverse  connections,  comparison 
basis  «  12-inch  by  24-inch  duct 

l.l  Flanged  Type  4A:  riveted  angle  flange,  reinforced 


Net  material  required:  Cost  ($) 

•  P  X  P  X  W  steel  angle.  4-26"  lengths  2.17 

•  T  X  r  X  14"  steel  angle,  4-12*  lengths  1.00 

•  28 14"  20  NC  RH  MS.  Ya*  LG  45 

•  28*4"  20  NC  hex  nuts  ,  jj 

•  2-72*  X  I*  20  ga  additional  material  on  duct  components  .30 

•  88-3/i«"  din  “pop”  rivets  1.58 

•  76"  strip  of  r  wide,  14*  thick  gasket  .21 

•  Duct  sealer  (2-72*  lengths  A  88  rivet  hjeads)  2.00 

Total  material  costs  «  $8.02 

Fabrication  effort  required:  Time  (Min) 

•  Measure  and  cut  4-26"  lengths  of  angle  15 

•  Measure  and  cut  4-12*  lengths  of  angle  15 

•  Weld  8  comers  120 

•  Drill  or  punch  56-H/at"  dia  holes  in  angles  30 

•  Drill  or  punch  88-3/i«"  dia  holes  in  angles  40 

•  Drill  88-3/t«"  dia  holes  in  components1  40 

•  Install  and  set  88-3/ra"  dia  “pop”  rivets1  45 

•  Seal  88  rivet  heads'  20 

•  Seal  2-72"  lengths1  20 

•  Measure  and  cust  2-26*  X  I*  and  2-12"  X  I"  lengths  of  gaskets1  15 

•  Align  gasket  on  flange  and  drill  28-*/a*"  dia  holes*  10 


Total  time  required  *  370  Min. 


'Dependent  on  the  shipyard,  a  high  percentage  or  these  tasks  may  be  accomplished  aboard  shin  during 
the  installation  procedure. 


Time  (Min)* 


Installation  effort  required: 

•  Align  components,  install  and  tighten  28-14"  dia  nuts  and  bolts  60 

Total  time  required  *  60  Min. 

1.2  Non-flanged  Types  10  A  II,  drive  cleat/S-clip 
1.2.1  Types  10  A  It 

Drive  cleats  assumed  on  12*  side  of  component,  and  S-clip  assumed  on  24" 
side  of  component. 


Net  material  required:  Cost  ($) 

•  2-15'  X  214"  strips  of  20  ga  steel  (Drive  cleats)  .  14 

•  2-24"  X  314*  strips  of  20  ga  steel  (S-clips)  35 

•  Duct  sealer  (2-72*  lengths)  l  ‘g0 

•  ^  24"  20  ga  adctifional  material  on  duct  components  .20 

•  4-1*  X  12"  20  ga  additional  material  on  duct  components  .10 

Total  material  cost  *  $2.59 
Fabrication  effort  required:  Time  (Min) 

•  Measure  and  cut  2-15"  X  2 *4"  pieces  of  20  ga  steel  10 

•  Notch  to  suit  locking  tabs  (4)  20 

•  Bend  over  form  to  shape  2  drive  cleats  20 

•  Measure  and  cut  2-24"  X  314"  pieces  of  20  ga  steel  15 

•  Notch  to  suit  component  comer  connections  20 

•  Bend  over  form  to  shape  2  S-clips  30 

•  Bend  4-12"  X  W  tabs  on  components  40 

Total  time  requited  «  155  Min 

Installation  effort  required:  Time  (Min)* 

•  Align  components  and  install  2  S-clips  10 

•  Install  side  drive  cleats  and  bend  4 

locking  tabs  over  20 

•  Seal  2-72"  lengths  20 


Total  time  required  *  50  Min. 

1.2.2  Type  1 1  A;  drive  cleat/S-clip,  reinforced 

Drive  cleats  assumed  on  12*  side  of  component,  and  S-clips  with  trans¬ 
verse  reinforcement  assumed  on  24"  side  of  component. 


‘Average  time,  assuming  some  difficulty  due  to  limited  space. 


Net  Material  required:  Cost  ($) 

•  Same  as  for  non-flange  types  10  &  1 1  2.59 

•  Plus  2  additional  24*  X  214*  strips  of  20  ga  steel  _ .25 

Total  material  cost  «  $2.84 

Fabrication  effort  required:  Time  (Min) 

•  Same  as  for  non>flange  types  10  &  1 1  155 

•  Plus  the  additional  work  required  to 

form  the  reinforcing  part  of  the  S-clips  20 

Total  time  required  «  175  Min 

Installation  effort  required:  Time  (Min) 

•  Same  as  for  non-flange  types  10  &  1 1  SO 


Total  time  required  »  50  Min 


1.3  Non-FInnged  Type  9:  riveted  slip  joint 
Cost  analysis  based  on  riveted  joint1 


Net  material  required:  Cost  ($) 

•  2  -  I*  X  72*  20  ga  additional  material  on  duct  components  .30 

•  76  -  */»*"  din  “pop”  rivets  1.80 

j  •  Duct  sealer  (1-72"  length)  >90 

Total  material  costs  ■  $3.00 

Fabrication  effort  required:  Time  (Min) 

•  Drill  4-a/m"  din  holes  in  end  of  one  component  5 

•  Attach  2  components  and  drill  through 

j  4  lades  into  second  component  10 

•  Set  4  -  a/m"  dia  “pop”  rivets  5 

•  Drill  remaining  72  -  3/i«"  holes  through  both  components  70 

•  Set  remaining  72  -  a/m"  dia  “pop”  rivets  40 

•  Seal  7 T  length  10 


Total  time  required  *  140  Min 


'  Net  materia!  cost  and  fabrication  effort  wouki  be  somewhat  less  for  a  spot-welded  connection  than  for  a 
riveted  connection.  However,  most  shops  do  not  have  Ute  specialized  welding  equipment  necessary  for 
this  purpose. 
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Installation  effort  required:  None.  It  is  r  >t  field  connect  I.  It  is  totally  fabricated  in 
the  shop. 


1.4  Non-Flanged  Type  12;  clip  &  strike  latch 
1.4.1  Type  *2 

Latches  and  strikes  on  24"  side  of  components,  therefore,  4  required  (2  on 
each  24"  side) 


Net  material  required:  Cost  ($) 

•  4 -latches  1.20 

•  4  -  strikes  .20 

•  4-14*  dia  cotter  pins,  i*  long  .  10 

•  I*  X  72"  strip  of  20  ga  steel  (additional  on  component 

which  carries  the  hitches)  .  15 

•  72*  X  214*  strip  of  20  ga  steel  (for  retaining  clip)  .34 

•  24  -  */s2*  dia  round  head  rivets  .24 

•  38  -  a/m"  dia  “pop”  rivets  .90 

•  Duct  sealer  (2  -  72"  lengths)  1.80 

Total  material  cost  *  $4.93 

Fabrication  effort  required:  Time  (Min) 

•  Measure  and  cut  2-24*  X  2V4"  strips  of  20  ga  steel  15 

•  Notch  to  suit  component  corner  seams  (4)  «  .*  10 

•  Shape  2  -  24"  lengths  of  retaining  clip  30 

•  Measure  and  cut  2  -  12*  X  214*  strips  of  20  ga  steel  10 

•  Notch  to  suit  component  corner  seams  (4)  ;  10 

•  Shape  2-12"  lengths  of  retaining  clip  20 

•  Drill  or  punch  38  -  a/i«"  dia  rivet  holes  in  retaining  clips  40 

•  Drill  38  -  a/w*  dia  rivet  holes  in  component  40 

•  Install  and  set  38  “imp”  rivets  20 

•  Peen  end  of  component  carrying  latch  over  14"  (72*  tong)  40 

•  Locate  latches  and  strikes  and  drill  24  -  a/w*  dia  rivet  holes  30 

•  Install  and  set  24  rivets  (with  rivet  set)  25 

•  Seal  72*  length  10 

Total  time  required  -  300  Min 

Installation  effort  required:  Time  (Min) 

•  Seat  IT  length  of  retaining  clip  10 

•  Bring  components  together  and  secure  latches  10 

•  Install  and  set  4  cotter  pins  5 

Total  time  required  «  25  Min 


1.4.2  Type  I2A  {with  reinforcement) 


Latches  and  strikes  on  24"  side  of  components,  therefore,  4  required  (2  on 
each  24*  side) 


Net  material  required:  Cosl  ® 

•  4- latches 

•  4  -  strikes  f 

•  4  -  Vfc*  dia  cotter  pins,  I*  long  * 10 

•  72*  X  3W"  strip  of  20  ga  steel 
(for  retaining  clip) 

•  24  -  */#*"  dia  round  head  rivets  . ,24 

•  22  -*/»•"  dia  “pop'*  rivets  * 

•  Duct  sealer  (2  -  72"  lengths)  — LS? 

Total  material  cost  -  $4.59 

Fabrication  effort  required:  Time 

•  Measure  and  cut  2  -  24*  X  3 Vi*  strips  of  20  ga  steel  15 

•  Notch  to  suit' component  corner  seams  (4)  *0 

•  Shape  2-24*  lengths  of  retaining  dip  40 

•  Measure  and  cut  2  -  12"  X  VAm  strips  of  20  ga  steel  10 

•  Notch  to  suit  component  corner  seams  (4)  10 

•  Shape  2-12"  lengths  of  retaining  dip  >0 

•  Drill  or  punch  22  -  a/i«*  dia  rivet  holes  in  retaining  clips  25 

•  Drill  22  -  s/io"  dia  rivet  holes  in  component  25 

•  Install  and  set  22  “pop"  rivets  j* 

•  Locate  latch  and  strikes  and  drill  24  -  */»*"  dia  rivet  holes  30 

•  Install  and  set  24  rivets  (with  rivet  set)  25 

•  Seal  72"  length  !2 - 

Total  time  required  «  245  Min 

Installation  effort  required:  Time  (Min) 

•  Same  as  for  non-flange  type  12  Vl - 


Total  time  required  *  25  Min 


1.5  Summary:  Ranged  versus  N on-flanged  Connections 
(12"  x  24*  component  size) 


material 

cost 

fabricate 

time 

install 

time 

Base:  Current  Type  4 A, 
riveted  angle  flange,  reinforced 

$8.02 

370  min. 

60  min. 

Standard  Type  10/11.  drive  deat/S-dip 

2.59 

155 

50 

Standard  Type  1 1  A.  drive  cleat/ 

S-clip  reinforced 

2.84 

175 

50 

Standard  Type  9,  riveted  slip  joint 

3.00 

140 

N/A 

Standard  Type  12,  dip  and  strike  latch 

4.93 

300 

25 

Standard  Type  I2A,  dip  and  strike  latch 

4.59 

245 

25 

2.0  Transformation  Piece 

2,1  Type  I 

Material  has  been  considered  a  trade-off  with  Type  2. 

Fabrication  method  has  been  assumed  to  be  based  on  a  two-piece  transforma¬ 
tion,  and  two-Pittsburgh  comer  locks. 


Fabrication  effort  required:  ^ime  (Min) 

•  Calculate  L2  and  L3  ^ 

•  Layout  1/2  pattern  on  sheet  metal  15 

•  Add  allowance  for  corner  locks  and  transverse  connections  10 

•  Cut  out  piece  15 

•  Use  cut-out  piece  for  template  of  second 

piece  and  scribe  on  sheet  metal  $ 

•  Cut  second  piece  J* 

•  Cut  necessary  comer  notches 

•  Run  comer  locks  and  single  locks  (2  each)  20 

•  Bend  each  piece  (2  bends)  10 

•  Assemble  transformation  and  bend  over  two  comer  locks  20 _ 


Total  time  required  **  135  Min 
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2.2  Type  2 

Material  cost  has  been  considered  a  trade-off  with  Type* I# 

Fabrication  method  has  been  assumed  to  be  based  on  a  two-piece  transforma¬ 
tion,  and  two-riveted,  spot  welded,  or  grooved  seams. 


Fabrication  effort  required:  Time  (Min) 

•  Calculate  L2  &  L3  15 

•  Determine  length  of  bend  lines  within 

radius  comer  area  50 

•  Determine  distance  between  bend  lines  at  intersection 
with  plane  perpendicular  to  air  flow  at 

radius  comer  end  of  transformation  10 

•  Layout  1/4  pattern  and  use  to  scribe  two  - 

1/2  layouts  on  sheet  metal  40 

•  Add  allowance  for  comer  locks  and  Transverse  connections  10 

•  Cut  out  two  pieces  30 

•  Cut  ncccssury  corner  notches  10 

•  Bend  each  of  two  pieces  along  bend 

lines  to  90®  (4  such  bends)  40 

•  Align  2-transformation  halves  and  clamp  together  10 

•  Drill  20  - :,/,«"  dia  holes  20 

•  Set  20  -  */»«"  dia  “pop"  rivets  (0 _ 


Total  time  required  «  225  Min 


3.0  Quick- Acting  Access  Plates 

3. 1  Round  Access  Plate  (assume  8®  dia  opening  —  5  locking  bolts) 


Net  material  requirements:  Cost  ($) 

•  W  thick  steel  (cover)  .45 

•  14"  thick  gasket  .16 

•  5  -  W  dia  hex  head  machine  screws,  M4"  long  .02 

•  5  -  Va"  dia  wing  nuts  .04 

•  16  ga  coaming  .28 


Total  material  cost  «  $.95 


Fabrication  effort  required: 

Time  (Min) 

•  Scribe  cover  on  W  plate  and  cut  i.ut 

20 

•  Cut  access  hole  in  duct  component 

10 

•  Cut  out  coaming 

10 

•  Form  coaming 

•  Shape  coaming  leg  in  way  of  machine 

10 

screws  to  lock  hex  heads  (5) 

20 

•  Weld  coaming  to  duct 

15 

•  Cut  out  and  attach  gasket 

3.2  Alternate  Fasteners  for  Bolted  A<  cess  Plates 

10 

Total  lime  required  «  95  Min 

Watertight  Duct  (gasketed  access  cover)  Cost  ($) 

Present  Practice: 

•  W  dia  hex  head  bolt,  I"  long  .04 

•  Countersunk  “RIVNUT"  with  locking  feature1  _ .72 

Cost  per  fastener  assembly  «  $.76 

Proposed  Change: 

•  Vi/  din  hex  head  bolt.  I*  tong  .03 

•  “KWIK-THRED"  self-clinching  fastener*  '  *  _ M 

Cost  p^r  fastener  assembly  «  $.09 

Air  tiftht  duct  (gasketed  access  cover)  Cost  ($) 

Present  Practice: 

•  1/4"  dia  RH  MS,  3/4"  long  .02 

•  Countersunk  “RIVNUT"  with  locking  feature'  _ JO 

Cost' per  fastener  assembly3  «  $.32 

Proposed  Change: 

•  *4"  dia  RH  MS,  3/4"  long  .02 

•  “KWIK-THRED"  self-clinching  fastener2  _ .05 


Cost  per  fastener  assembly  »  $.07 


‘Only  (hat  effort  involved  with  the  ftatred  portion  of  the  beUmouth  hus  been  Ikied,  since  the  remaining 
work  win  not  be  affected. 

*  Development  of  one  end  curve  has  been  assumed,  which  win  serve  as  template  for  all  8  such  curves 
required. 

'Template  of  end  curve  assumed  available  from  set  of  seven  master  templates. 
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4.0  Bellmouth*  Terminal  (D  =  12s*  W  =*  18") 

Material  for  flair  (by  current  Method  A).  R  «  2-1/4" .  V  «*  3.53": 


Cost  ($)  ‘ 

•  2  -  3.53s  x  22.5"  20  gn  steel  33 

•  2  -  3.53"  x  16.5"  20  ga  steel  - 2£ 

Total  cost  (flair)  «  $.57 

Fabrication  effort  for  flair  (by  current  Method  A):1  Time  (Min) 

•  layout  2-ir  sides  with  end  curves*  40 

•  layout  2-ir  sides  with  end  curves*  *0 

•  Cut  out  4  components  30 

•  Bend  4  components  to  required  radius 

•  Weld  4  comers  - 


^  Total  time  required  »  150  Min 

Material  for  flair  (by  standards)  R  «  3".  V  »  4.71s: 


Cost  ($) 

•  2*4.71"  x  24"  20 ga  steel  *47 

•  2  *  4.71s  x  18s  20  ga  steel  - 

Total  cost  (flair)  $.82 

Fabrication  effort  for  flair  (by  standards):1  rimc 

•  layout  2-18"  sides  with  end  curves3  10 

•  layout  2-12"  sides  with  end  curves3  !° 

•  Cut  out  4  components  30 

•  Bend  4  components  to  required  radius  30 

•  Weld  4  corners  49 - 


Total  time  required  «  120  Min 


•Only  that  effort  Involved  with  the  Haired  portion  of  the  bcllmuuth  ha*  been  listed,  since  the  remaining 
*  Development  of  one  end  curve  has  been  assumed,  which  will  serve  as  template  for  all  8  such  curves 
^Template  of  end  curve  assumed  available  from  set  of  seven  master  templates. 
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APPENDIX  H 


SPECIFICATION  TO  INVOKE  STANDARDS 
FOR  RECTANGULAR  VENT  DUCTS 

This  is  a  recommended  specification  for  owners  or  designers  who  wish  to  invoke 
the  standards  in  new  construction.  It  is  a  modification  of  the  Maritime  Administra¬ 
tion  Standard  Specification  for  Cargo  Ship  Construction*  Section  12,  Article  10, 
‘Trunks,  Ducts,  Accesses  and  Hoods.* 

10.  TRUNKS,  DUCTS ,  ACCESSES  A  HOODS 
Duct  Air  Velocities 

(a)  Air  Conditioning  Systems 

5000  f.p.m.  maximum,  except  that  6000  f.p.m.  may  be  used  in  short 
branches  close  to  the  fan  discharge  when  necessary  to  absorb  static  pres¬ 
sure. 

(b)  Mechanical  Vehtihition  Systems  ( Supply  and  Exhaust) 

In  areas  where  quiet  operation  is  essential,  2000  f.p.m.  maximum.  Where 
space. 'conditions  necessitate,  local  velocities  may  be  as  high  as  2500 
f.p.m. 

I  n  areas  where  quiet  operation  is  not  essential,  duct  velocities  may  exceed 
2000  f.p.m.  as  approved,  provided  the  fan  size  and  rated  horsepower  are 
not  increased  to  accomplish  this. 

(c)  Cargo  Hold  Mechanical  Supply  Systems 
3500  f.p.m.  maximum. 

Central  Cargo  Hold  Dehumidiftcation  Dry  Air  Ducts 
2000  f.p.m.  maximum. 

(d)  Machinery  Ventilation  Systems  (Supply  and  Exhaust) 

3500  f.p.m.  maximum. 

(e)  Natural  Vent  Ducts  -  Serving  Mechanically  Ventilated  Spaces  (Supply 
or  Exhaust  -  Direct  or  Indirect) 

1000  f.p.m.  for  less  than  4000  c.f.m. 

1250  f.p.m.  for  between  4000  -  6000  c.f.m. 

1500  f.p.m.  for  more  than  6000  c.f.m. 

(0  Natural  Vent  Ducts  -  Seiving  Naturally  Ventilated  Spaces 
800  f.p.m.  (assumed  for  sizing  of  ducts) 


Definition  of  Requirements 
Watertight 


Non-tight 


Air-tight 


“A**  Class  Fire  Protection 


“B**  Class  Fire  Protection 


Drip-tight 


Duct  components  designed  and  fabri¬ 
cated  to  offer  the  vessel  protection 
against  flooding  from  either  inside  or 
outside  the  component.  These  shall  be 
of  ail  welded  construction  and  shall 
have  either  welded  transverse  joints,  or 
properly  gasketed  flange  joints. 

Duct  components  not  required  to  be 
watertight.  These  shall  be  designed  and 
fabricated  so  as  to  offer  minimal  air 
leakage. 

Duct  components  designed  and  fabri¬ 
cated  similar  to  non-tight  components, 
but  sealed  to  pass  a  suitable  pressure 
test. 

Duct  components  designed  and  fabri¬ 
cated  to  offer  “A”  Class  fire  protec¬ 
tion.  as  defined  by  USCG  Regulations. 

Duct  components  designed  and  fabri¬ 
cated  to  offer  “B"  Class  fire  protec¬ 
tion,  as  defined  by  USCG  Regulations. 

Duct  components  designed  and  fabri¬ 
cated  so  that  occasional  water  intro¬ 
duced  into  the  system  weather  open¬ 
ings  will  not  seep  through  the  duct 
seams. 


Material  Requirements 

Duct  components  shall  be  made  of  hot-dipped,  galvanized  sheet  steel  (or  other¬ 
wise  suitably  protected,  as  approved).  The  minimum  thickness  of  the  duct  material 
shall  be  determined  by  the  diameter  for  round  ducts,  or  the  largest  cross-sectional 
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dimension  for  rectangular  ducts,  as  follows: 

AM  non-tight  and  air-light  duels  24  in¬ 
ches  or  less.  Satisfies  "IT*  Class  fire 
protection  requirements. 

All  non-tight  and  air-tight  ducts  over  24 
inches.  Satisfies  “B”  Class  fire  protec¬ 
tion  requirements. 

All  duct  components  exposed  to 
weather. 

Alt  water-tight  duct  components. 

All  duct  components  satisfying  “A*’ 
Class  fije  protection  requirements. 

Alt  duct  components  subject  to  damage 
(outside  of  .argo  holds). 

All  horizontal  duct  components  in 
cai£o  holds. 

All  vertical  duct  components  in  cargo 
holds. 

Spiral  wound  non-tight  and  air-tight  round  duct,  up  to  12  inches  diameter,  may 
be  22  USSG  (.0299  inch).  This  also  satisfies  “B"  Class  fire  protection  requirements. 

Size,  Fabrication  and  Installation  Requirements 

Where  possible,  rectangular  duct  component  sizes,  design,  fabrication,  connec¬ 
tions,  coaming  corner  radii,  and  duct  access,  shall  be  in  accordance  with  the  “De¬ 
signers  Pamphlet'*  and  "Construction  Drawings"  as  developed  for  the  National 
Shipbuilding  Research  Program  regarding  rectangular  duct  standards,  Todd  Seattle 
Drawing  Nos.  4966  SK  -  006  and  -  007  respectively.  (Refer  U.S.  Department  of 
Commerce  Contract  2-36233.) 

Round  ducts,  depending  on  usage  (non-tight,  air-tight,  watertight,  etc.),  may  be 
of  the  spiral  wound,  welded,  riveted,  seamless,  or  grooved  seam  types.  Where 
required  for  air-lightness,  an  approved  fire  resistive  high  velocity  duct  sealer  or  tape 
may  be  used. 
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20  USSG  (.0359  inch) 

16  USSG  (.0598  inch) 

tl  USSG  (.1196  inch) 


3/16  inch 

1/4  inch 


All  installed  watertight,  air-tight,  and  drip-tight  u  cl-work  shall  be  proven  so 
prior  to  the  installation  of  insulation. 

Buitt-in  trunk  construction  shall  not  be  used  for  ducts  having  less  than  one 
square  foot  cross-sectional  area,  and  smaller  dimension  less  than  9  inches. 

All  ducts  passing  over  electricul  equipment  shall  be  either  of  watertight  con¬ 
struction,  or  made  drip-tight  by  welding  or  soldering  the  longitudinal  seams  on  the 
bottom  of  the  duct.  Ducts  shall  be  arranged  to  preclude  non-welded  transverse  duct 
connections  over  electricul  equipment.  In  adtfition,  Such  ductwork  shall  be  insulated 
and  vapor  sealed,  where  an  analysis  of  the  dry  bulb  temperature  inside  the  duct  and 
the  dew  point  temperature  outside  the  duct  indicates  that  condensation  can  occur  on 
the  outside  surfaces  of  the  duct. 

Access  holes  with  suitable  cover  plates  shall  be  provided  for  cleaning  and 
maintenance  of  equipment  and  ducts. 

Hinged  doors  for  access  shall  be  provided  as  follows: 

(1)  Entrance  to  plenums  for  servicing  filters. 

(2)  Both  sides  of  cooling  coils. 

(3)  At  discharge  side  of  axial  fans  larger  thun  24  inch  diameter. 

(4)  In  joiner  ceilings  for  access  to  concealed  equipment  (heaters,  access  plates, 

valves,  vents,  controls,  dampers,  etc.)  size  shall  be  at  leftist  24  inch  x  24  inch, 
and  location  shall  favor  equipment  most  frequently  requiring  inspection  and 
servicing.  '  . 

Provision  shall  be  made  for  making  ducts  portable  where  required. 

Flexible  duct  connections  shall  be  used  at  room  air  mixing  boxes.  These  connec¬ 
tions  shall  be  limited  to  24  inch  length. 

AH  openings  on  the  lowest  weather  decks  shall  have  hinged  watertight  metal 
covers,  except  for  air  lift  type  openings  fitted  with  louvers  which  may  be  furnished 
with  protective  covers  as  specified  in  Section  22.  Covers  shall  be  provided  for  all 
openings  exposed  to  the  weather. 

Turning  vanes  or  bar  grids  shall  be  provided  to  achieve  uniform  air  flow  to 
registers,  grilles  and  diffusers. 

Gaylord  exhaust  ventilators  or  equal  of  the  latest  design  (including  quick  release 
automatic  fire  damper,  automatic  hot  water  cleaning  facilities,  necessary  hot  water 
and  drain  piping,  and  grease  extracting  facilities)  shall  be  provided  over  the  ranges, 
fryers,  griddles,  steam  kettles,  steam  cookers  and  bake  ovens.  ‘ 


APPENDIX  I 


SURVEY  OF  FABRICATORS 


A  survey  of  a  representative  cross-section  of  U.S.  sheet  metal  fabricators  was 
conducted  to  solicit  comments  concerning  construction/fabrication  of  the  standard 
rectangular  duct  fittings  and  components,  and  then  willingness  to  furnish  and/or  stock 
the  components. 

Various  manufacturers  of  commercial  shoreside  ventilation  ductwork  and 
associated  parts  and  components  were  contacted  and  discussions  were  undertaken 
concerning  their  fabrication  of  various  components  for  marine  application,  utilizing  a 
set  of  standardized  component  types  and  construction  detail  plans  for  guidance. 

'  The  manufacturers  were  selected  from  advertisements  in  trade  Journals,  and 
from  information  given  by  regional  SMACNA  (Sheet  Metal  and  Air  Conditioning 
Contractors  National  Association  Inc.)  offices.  The  only  criteria  for  selection  was  a 
reasonable  proximity  to  sett  coasts  or  the  Great  Lakes. 

In  order  to  provide  a  standardized  format  for  review  with  proposed  fabricators, 
the  following  items  served  as  a  basis  for  discussion: 

•  Standard  Components  -  Straight  Duct 

Elbows 
Vaned  Turns 
Transformations 

•  Transverse  Connection  Types  -  Flanges 

Drive-Cleats 

S-Clips 

Riveting 

•  Longitudinal  Seams  -  Pittsburgh 

Snap-Lock 

Weld 

•  Duct  Materials  -  Steel,  galvanized  or  otherwise  suitably  protected. 

•  Size  limitations  due  to  shop  capacity. 


•  Tolerances  required  by  standard  plans. 

•  Required  lead  time. 

•  Quote  on  prices  for  standard  components. 

Certain  of  the  manufacturers  expressed  little  interest  in  the  concept  primarily 
due  to  the  gauge  limitations  of  their  simp’s  sheet  metal  forming  machinery.  Those 
interested  and  willing  to  manufacture  the  standardized  duct  and  components  are 
listed  herein.  Some  have  had  previous  experience  with  government  contracts,  and 
are  therefore  experienced  in  working  within  the  limits  established  by  specification 
requirements.  In  addition,  the  manufacturers  listed  have  machinery  capable  of 
forming  the  20  gauge  and  f6‘ gauge  duct,  and  most  have  welding  facilities  for  the 
heavier  thicknesses. 

Insofar  as  lead  time  concerned,  the  fabricators  indicated  that  this  will  depend 
on  the  size  of  the  order,  the  number  of  different  components  required  and  the  work 
loading  existing  in  the  various  shops  at  the  time  or  order.  Most  manufacturers  were  of 
the  opinion  that  such  work  could  be  initiated  in  a  timely  fashion. 

Concerning  price  quotations,  it  is  generally  their  opinion  that  this  would  depend 
on  the  actual  construction  requirements  (the  actual  request  to  bid  on  a  particular 
contract),  since  the  duct  size  variance  is  so  great.  Those  manufacturers  specializing 
in  parts  and  components,  such  os  transverse  connections,  vanes,  vane  runners,  etc., 
would  be  able  to  price  these  items  on  a  per-potmd  or  per-foot  basis,  if  they  were 
provided  with  the  necessary  details. 

All  of  the  manufacturers  listed  stated  that,  given  a  copy  of  the  design  and 
construction  standards,  they  would  be  willing  to  review  these  and  comment  in 
general  regarding  any  thoughts  they  might  have,  and  any  simpiification/chnngcs  they 
may  recommend. 

The  following  list  comprises  those  contacted  who  expressed  interest  in  the 
fabrication  of  duct  and/or  associated  components  for  marine  use.  The  listing 
constitutes  approximately  50  percent  of  the  companies  contacted.  It  is  emphasized 
that  this  is  u  very  small  sampling  of  the  many  sheet  metal  fabricators  available  and  it  is 


believfc^l  that  many  of  those  not  contacted  would  also  be  willing  to  fabricate  the 
standard  duct  and  components. 


Location 

Advance  Sheet  Metal 

Company 

Seattle.  Washington 

206/622-8390 

Arco  Heating  and  Air 

Conditioning  Co. 

Cleveland.  Ohio 

216/663-8915 

Cain  Manufacturing  Inc. 

Birmingham.  Alubnma 

205/322-0353 

Chambers  Sheet  Metal 
Company 

Woodbury  Heights, 

New  Jersey 

609/848-4774 

Cleats  Manufacturing 

Company 

Chicago.  Itlin>  * 

312/521-0300 

Hahnel  Bros.  Co. 

Lewiston,  Manic  ... 

207/784-6477 

Holaday  Parks 

Fabricators 

Seattle,  Washington 

206/763-8500 

Holzer  Sheet  Metal 

Company 

New  Orleans,  Louisiana 

504/525-8134 

Juniper  Industries. 

Inc. 

New  York,  New  York 

212/326-2546 

James  A.  Nelson  Co. 

San  Francisco,  Calif. 

415/431-8202 

Spears-Gutknccht 
Enterprises.  Inc. 

New  Orleans,  Louisiana 

$04/822-3182 
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